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The image at the centre depicts the concept of space weather. Present capabilities of understanding this phenomenon 
through satellites currently in operation, in development and planned for future of the Heliophysics System observatory 
(HSO) plotted over solar cycle variation is shown in foreground. The top panel depicts few effects of space weather - as 
we experience a visual treat of beautiful aurorae, while space weather also poses hazard for satellites, communications 
and other ground systems. The bottom panel depicts an artist's impression showing a spiral galaxy within a halo of dark 
matter. Shown in foreground is the diagram showing the changes in the rate of expansion since the universe's birth 15 
billion years ago. For details on these exciting phenomenon see articles inside. 
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Our quest to unravel the universe has led to several sur- 
prises and stunning discoveries. One of the most fascinat- 
ing among them is the Dark Matter, which neither absorbs 
nor emits any electromagnetic radiation and constitutes a 
whopping 24% of the mass-energy budget of the universe. 
In the first article of this issue Mr. Chandan Hati & Dr. 
Raghavan Rangarajan of PRL throw light on these yet to 
be detected invisibles, discussing the evidences for their 
presence, nature and significance of the various candi- 
dates, and the challenges involved in detecting them. A 
special mention of the Indian attempts in this regard has 
been made for the benefit of those in the country who 
wish to pursue a career in this exciting field of cosmology. 


Satellite based day-to-day weather prediction is among 
the most popularly talked subject; however, the concept 
and implications of space weather i.e. weather of the Sun 
- Earth system, which is a potential threat to the function- 
ing of our satellites, is not that well understood. Dr. Mala 
S. Bagiya from IIGM elucidates upon the phenomena 
involved, the outcomes such as formation of beautiful 
auroras and geomagnetic storms, the societal effects, and 
our current capabilities to predict the space weather events. 


Narrowing down from COSMOS and the SUN - to the 
astromaterial studies, an article on iron meteorites has 
been included in this issue, the metallography of which is 
vital for understanding the nature of the Earth’s metallic 
core and simulation of Fe-Ni system in the laboratories. 


On the technological front, an article on the intrica- 
cies and challenges involved in working with Low 
Temperature Electronics — an important require- 
ment for the successful operation of several experi- 
ments on frigid planetary surfaces, has been included. 


Regular columns News, Flash News and Mission Up- 
dates continue to notify readers about the latest develop- 
ments in the field. Mission Story on NASA’s MAVEN 
mission (heading towards Mars) elaborates upon the 
various science objectives and payload inventory of 
the mission. Announcement and Opportunities con- 
tinue to inform the readers regarding newer prospects. 


Before signing off, I would like to bid-farewell to Dr. Ami 
J. Desai. She was an asset to the editorial team and we 
wish her all the best in her future endeavors. I would also 
like to welcome Ms. Aarthy E. into the team hoping to 
receive her valued contributions in the upcoming issues. 
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It is a great effort by the PLANEX team to produce 
such a fruitful and interesting newsletter. The Articles are 
very much related to the cutting edge research in the field 
of Planetary sciences. ‘Announcements and Opportuni- 
ties’ are useful for young readers like me, who are inter- 
ested in pursuing research. Thanks a lot to the team. Best 
wishes 

- Nimba Oshnik 
Central University of Tamil Nadu, 
Tamil Nadu 


Good work!! However, the exposure about PLANEX 
newsletter must be amplified beyond research institutes 
/ universities and must reach to science colleges across 
the nation. Certainly, the exposure brought by the updated 
contents of PLANEX newsletter will inspire many stu- 


- Bhala Sivaraman 
Physical Research Laboratory, 
Ahmedabad 


Thank you for sending me PLANEX newsletter regu- 
larly! It has been very informative and enjoyable since 
my interests lie in planetary science. Also, it has been im- 
mensely helpful for my studies and research. I wish that 
you keep up the quality work on the newsletter...” 


- Bharathi Kannan 
Satish Dhawan Space Centre, 
Sriharikota 


All issues are extremely informative and useful, and 
they keep us updated with the latest and most interesting 
advancements in all areas related to Planetary Sciences. 
I congratulate all the members for such dedication and 
hard work 

- Archit Dube 
Indian Institute of Space Science and Technology, 
Thiruvananthapuram 


Thank you for keeping us updated. All the articles 
are interesting and useful; specially, the articles “Life on 
a Tidally-Locked Planet” and “Recent Advances in Pola- 
rimetric Radar Imaging of the Moon” impressed the most. 
The columns Mission Updates, Events and Announce- 
ments and Opportunities are very informative 


- Sarmistha Basu 
M.P. Birla Institute of Fundamental Research, 
Kolkata 
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Enceladus Subsurface Ocean Exists or Not? 

It has been long hypothesized that the fractures, known 
as “tiger stripes”, on the surface of ~500 km diameter icy 
satellite of Saturn, Enceladus, sprayed water vapor and ice 
from a large reservoir of water beneath its surface. Moving 
ahead in revealing details about Enceladus, Cassini has 
performed gravity measurements collected during the three 
flybys between April, 2010 and May, 2012 of Enceladus, 
in order to add new insights on the likelihood for existence 
of such a subsurface ocean. Instead of the traditional idea 
of putting seismometers on Enceladus surface, this was 
done remotely while precisely measuring the Cassini’s 
trajectory by tracking the spacecraft’s microwave carrier 
signal with the NASA’s Deep Space Network (DSN). In 
principle, the gravitational pull of any planetary body tend 
to deflect slightly the orbiting spacecraft’s flight path. One 
can measure such slight deflections to understand the 


Possible interior of Enceladus 
Credit: NASA/JPL-Caltech 
subsurface distribution of mass as well as to get a picture 
of the gravitation field. Overall, the crux of gravity data 
measured by Cassini was the auspicious negative anomaly 
at the south pole of Enceladus, which is generally a hint 
towards absence of mass at that particular location in 
case of a uniform spherical body. It was yet challenging 
to explain such an anomaly as once in the past it was 
shown that the Mount Everest on Earth, which is an extra 
material at surface, was found to have no compensating 
mass at depth by less dense materials. However, in case 
of Enceladus, the negative anomaly is quite small, which 
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could be just explained together by a material denser than 
ice in the subsurface as well as by the depression at that 
place. Presuming that this denser material might be water, 
it can be guessed that almost 10 km deep layer of liquid 
water lies beneath ~30-40 km of crustal ice at the South 
Pole. However, it is yet difficult to confirm whether there 
is a definite existence of ocean at the subsurface, as another 
possibility is effect of tidal heating through the deep root 
of fractures that may also replenish the ocean and spew 
water through the fractures. 


Source:https://www.sciencemag.org/ 
content/344/6179/17.full 


Towards Detecting Signatures of Life on Mars 
With the possibility that the clay-mineral Stevensite can 
be detected on Mars, an attempt to further strengthen the 
possible links for life on that planet has emerged. Stevensite 
mineral is an Mg-dominant trioctahedral Smectite in which 
the interlayer cation charge is balanced predominantly by 
octahedral cation deficiency rather than by substitution 
of Al for Si. Traditionally, it has been believed that this 
mineral could only be formed in harsh conditions like 
volcanic lava and hot alkali lakes. In a recent investiga- 
tion of the samples collected from Lake Clifton in Western 
Australia, it has been found that Stevensite, which in turn 
aids in protection of their fragile inside and provides the 
stiffness to permit them to construct reef-like structures 
called “Microbialites”, can coat microbes. Microbialites, 
being the largest evidence of earliest life on the Earth, are 
“organosedimentary” deposits that have accreted as a result 
of a benthic microbial community trapping and binding 
detrital sediment and/or forming the locus of mineral pre- 
cipitation. The Stevensite Microbialites found in a lake that 
is less salty than seawater and with near-neutral pH water 
bear strong implications on reinvestigating the Martian 
deposits and test the inferred links to determine whether 
there is any possible evidence for life on that planet or not. 
Recently, Curiosity result has uncovered possible presence 
of Stevensite on Mars. This could give a start to find out a 
way to re-test whether such Stevensite minerals bear any 
similarities to those that were found in Lake Clifton. 


Source: http://geology.gsapubs.org/content/ 
early/2014/05/15/G35484.1 


Yet Another Evidence for Recent Flow of Water 
on Mars 

Decade-old detection of young gullies on Mars and their 
subsequent analysis through images, modeling attempts, 
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and analogues studies have indicated that there have been 
multiple anomalous conditions when liquid water has 
been stable and may remain stable on the surface. These 
anomalies pertain to special locations at special latitudes 
and elevations and particular phases of the obliquity cycle. 
In arecent study, features akin to typical gullies and debris 
flow deposits have been found within a young (age:~0.2 
Ma) mid-latitude crater on Mars, which corresponds to 
an action of liquid water in geologically recent time. The 
study was conducted within a crater (~4.7 km) located in 
close proximity (~5 km) to a ~17 km diameter rampart 
crater in the Aonia Terra region. Craters with rampart 
ejecta have been believed to implicate ice meltwater in 
their formation, which is correlated to the heat aided by 
the impact process. On the pole-facing slopes of the in- 
vestigated crater, there exist gullies with deposits that are 
akin to those resulting from terrestrial debris flows. 


Example of debris flows over the crater wall 


These slopes are further overlain by debris flow-like 
deposits, which coalesce from several alcoves, forming 
bajada-like structures. At the foot of a large fan emerg- 
ing from channels that exhibit dense crosscutting rela- 
tionships, several flows have merged to form a fan-like 
structure with characteristic levées. Taken together, these 
features are quite appealing and point towards a certain 
time in the past ~0.2 Ma history of Mars when water (pos- 
sibly formed by melting of very recent snow deposits) has 
flown in considerable amount within this crater to form 
such terrestrial like flows and deposits. 


Source: _http://www.sciencedirect.com/science/ar- 
ticle/pii/S0019103514001225 
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Earth-size Planet Discovered by Kepler Satellite 
The hunt for Earth-like planets in another star system is a 
challenging task for the researchers, though it was continu- 
ously carried out using the Kepler space telescope. One 
of the major questions that need justification in this line is 
“Are We Alone?” As such, Kepler telescope find planets by 
the fraction of blocked starlight when it passes in front of 
its own star. Broadly, the search for the Earth-like planets 
or habitable zone by Kepler is to primarily ascertain: 1) 
the range of distance from a star where liquid water might 
pool on surface of an orbiting planet, and 2) size similar 
to that of Earth (till now, the detected Exoplanets are 40% 
larger in size than Earth), which favors suitable conditions 
for life. Until now, Kepler has found 2740 Exoplanets, but 
the long-standing quest for Earth-like planets was recently 
fulfilled with subsequent detections of Kepler-186f in 
Kepler-186 and Kepler-10c in Kepler-10 systems. As such, 
the fate of being habitable solely depends on the tempera- 
ture and the atmospheric conditions on these exoplanets. 
However, from the rough interpretation of theoretical 
models developed to infer composition of Kepler-186f 
(comparable to Earth in size), it is suggested to have a 
gas envelope and might even comprise combinations of 
rock, iron and water. 


Kepler-186f 


Kepler 186-f planet almost similar in size to Earth 


On the other hand, the discovery of Kepler-10c, which is 
in comparison 17 times greater in weight and 2.3 times 
greater in diameter than that of the Earth (hence called 
‘mega-Earth’), has suggested that a big-rocky world could 
exist despite the fact that on grabbing H, it may expand 
and become gas giant. As well as, from the data acquired 
using the HARPS (High Accuracy Radial velocity Planet 
Searcher) - North instrument on the Telescopio Nazion- 
ale Galileo (TNG) in the Canary Islands the mass of this 
exoplanet was measured, which has clearly suggested it 
to have a dense composition of rocks. These discoveries 
certainly necessitates that on our voyage towards the Earth 
like planets we should not forget the old stars, as they could 
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also be hosts for habitable planets. However, the next big 
quest is to understand the composition and confirm pres- 
ence of water on these exoplanets to say loud whether it 
is habitable or not. 


An artist concept of Kepler-10 system 
Credit: Harvard-Smithsonian Centre for Astrophysics/David Aguilar 


Source:_http://www.nasa.gov/ames/kepler/nasas- 
kepler-discovers-first-earth-size-planet-in-the-habi- 
table-zone-of-another-star/ 


http://phys.org/news/2014-06-astronomers-planet- 
mega-earth.html#nwlt 


Water on the Moon Overestimated? 

The thrust for finding water on the Moon started in the 
Apollo era and still continuing in various phases, but 
quantifying them is still in anvil and highly debatable. 
In 2010, analysis of apatite crystals within lunar samples 
led to estimation of high hydrogen, thereby suggesting a 
wet Moon. In this quest for water, a recent collaborative 
work insisted that water present on the Moon might have 
been overestimated from the apatite mineral studies. It is 
assumed that the hydrogen in the apatite is a good indicator 
of lunar water content. Recently developed model used to 
predict how apatite crystallized, revealed that the unusu- 
ally hydrogen rich apatite crystals found in rock samples 
may have not formed within a water-rich environment 
as expected. As such, apatite can form by incorporating 
hydrogen into its crystal structure, but hydrogen will be 
included in the newly crystallizing mineral only if apatite 
prefers building blocks from where Fluorine (F) and Chlo- 
rine (Cl) have mostly exhausted. In the lunar magma, the 
early formed apatites are fluorine-rich that it subsequently 
vacuums ‘F’ and ‘Cl’ out of the magma. When ‘F’ and ‘Cl’ 
are depleted, the apatite forming in later stage naturally 
becomes hydrogen rich. The depletion of ‘F’ and ‘Cl’ will 
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make the cooling magma to shift from hydrogen-poor 
apatite to hydrogen-rich apatite. This alteration is observed 
in the apatite samples that lead to the conclusion ‘Water 
on Moon mineral’. However, the current results show that 
the hydrogen-rich apatite is not accurately reflecting the 
original water content in the magma and they also create 
paradox to the Moon formation by giant impact theory. If 
so, due to impact, the lighter element hydrogen should be 
bubbled to surface and escaped to space, making Moon 
a dry body. However, the lunar samples are indicating 
hydrogen-rich apatite, thus raising further questions and 
thrust to quantify the presence of water on the Moon. 
The presence of apatite in mare and highland insist their 
wide presence over the Moon, and is one of the dominant 
minerals to look for water, despite of high ambiguity in 
using them to quantify the lunar water content. 


Source:http://www.sciencemag.org/ 
content/344/6182/400 


High Speed Wi-Fi on the Moon 

A video call on Skype or changing the status in a social 
network with a high-speed internet is possible in the 
future; the great difference from the present is the loca- 
tion: SPACE. Today’s websites load at a lightning speed 
outwitting the older days dial up connections. NASA’s 
communication network may soon reach a similar dial 
up (RF antennas) complication as the data volumes 
continue to grow. To achieve the same with the data 
gathering spacecrafts, researchers from NASA and Mas- 
sachusetts Institute of Technology’s Lincoln Laboratory 
have recently moved away from their radio frequency 
based communication to a new version of high speed 
internet using laser communications and thereby ven- 
turing into a new era of space communications starting 
with the Lunar Laser Communication Demonstration 
(LLCD). The LLCD mission consists of a space based 
component - Lunar Laser Space Terminal (LLST an 
optical communication test payload flying aboard the 
LADEE) and a ground terminal - Lunar Laser Ground 
Terminal (LLGT in White Sands, New Mexico). During 
the last fall season, the on-orbit performance of their 
to Earth uplink shattered the previous transmission 
speed records, which is 4,800 times faster than the best 
RF frequency uplink ever used. LLCD transmitted over 
384,633 km between the Earth and the Moon at a down- 
load rate of 622 Mbps and an upload rate of 19.44 Mbps. 
Difficulty arises during its path through the atmosphere, 
because the turbulence could bend the light causing rapid 
fading or drop outs of the signal at the receiver. LLGT 
consists of an array of 4 transceivers and 4 receivers 
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and its enclosure has a total mass which is 75% smaller 
than current RF antennas in use today. The four separate 
laser transmitters send information coded as pulses of IR 
light resulting in 40 watts of power (but less than a bil- 
lionth of it is received) and each transmits light through 
a different column of air to increase the chance that at 
least one will interact with the receiver. The receiver fo- 
cuses the light into an optic fiber and amplifies it 30,000 
times. LLCD design is directly relevant for near Earth 
missions and the team predicts that it is also extend- 
able to deep space missions to Mars and outer planets. 


The ground terminal (LLGT) 
Credit: Robert LaFon, NASA/GSFC 


Source:http://www.sciencedaily.com/releases/2014/05/ 
140522104949.htm 


Natural Quasicrystals! 

Starting from ice to diamonds, every crystal in the cos- 
mos display 14 types of symmetries- the ways by which 
their atomic lattices are rotated, translated or reflected 
into identical positions. Among these unique lattices, 
Quasicrystal is a projection of a higher dimension lattice 
lacking translational symmetry, a structure that is ordered 
but never exactly periodic. Such a crystal structure had 
been never seen in nature, despite its lab-based discov- 
ery three decades ago (in 1982). However, a group of 
researchers trying to understand some peculiar mysteries 
of solar system recently attempted to reveal presence 
of natural quasicrystals ever discovered in any sample. 
Analyzing a specimen obtained from geology museum in 
Florence, Italy, magnificent pattern of quasicrystal con- 
taining metallic aluminum was discovered. Such dazzling 
patterns became strange when it was found that there is 
presence of copper in that specimen, which is surprising 
as far as there is no evidence to negate their origin with 
metal factories. On Earth, such aluminum and copper 
combinations are not found in nature, which ignited that 
spark - relating its origin with space. It was never easy to 
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answer such disputed questions about their origin; how- 
ever, just like an ant could win travelling up a wall after 
several attempts, researchers gathered their several failed 
attempts to finally succeed to reveal presence of Stisho- 
vite (an ultra-high-pressure form of quartz found rarely 
on Earth) surrounding a patch of quasicrystal. Well, it did 
not end here so easily, as the challenge was to vindicate 
presence of Stishovite in the Florence specimen. Although 
it was believed that Stishovite could only have formed 
deep within the mantle or at some point in an outer-space 
impact, analysis of its oxygen isotopes were carried out 
that had shown definite links of the specimen-rock with the 
meteorite, a CV3 carbonaceous chondrite. This chondrite 
has its own legacy as it had given clues about creation 
of Sun by a shockwave from a nearby supernova. There 
are many other secret facts and interesting stories linked 
with this recent work for enthusiasts to read on further. 
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Image of the pattern of atoms in a natural qua- 
sicrystal, icosahedrite. Credit: Bindi et al., 2009 


Source: http://www.nature.com/ncomms/2014/140613/ 
nceomms5040/full/ncomms5040.html 


A Fresh Debate Over Giant Impact Hypothesis 

The well-known “Giant Impact Hypothesis” reflects an 
event in our solar system when a Mars-sized astronomical 
body (known as ‘Theia’) collided with the proto-earth to 
form Moon from the ejected debris, approximately 4.5 Ga 
ago. As such, most of the planetary scientists believe on 
possible formation of Moon by such an impact; however, 
there are still some evidences that question this hypoth- 
esis. Among those evidences, one is the close similarity in 
estimated values of ratios between the isotopes of oxygen, 
titanium, silicon, and others that create conflicts. This is 
so, because, if the Moon had to form from collision of 
Earth with Theia, it should be at least compositionally 
different from that of Earth to some extent. But this is 
not the case that was observed from the laboratory based 
analysis of lunar meteorites recovered from Earth. In order 
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to add some new insights to confirm the validity of this 
hypothesis, samples collected from Apollo 11, 12, and 
16 missions were analysed for estimating the isotopic 
ratios of oxygen, titanium, silicon, and other elements. 
Fresh samples were sought to overcome the hunch of 
previously analysed meteorite samples that might have 
exchanged their isotopes with water from Earth. As well 
as, techniques that are more refined were utilised to com- 
pare the ratios of 7O/"°O in lunar samples with those from 
Earth. This new analysis has revealed differences in AO 
between Earth and the Moon (12+3 parts per million). In 
addition, it gives an indication towards a definite giant 
collision and helps us get an idea of Theia’s geochemistry 
to be similar to typical E-type chondrites. Such a finding 
could prove useful in predicting the geochemical and 
isotopic composition of the Moon, as the present Moon 
is a mixture of Theia and the early Earth. Along with this, 
itis also important to estimate the proportion of the Theia 
and the Earth component in the Moon. Many modeling 
attempts have been made in this line for estimating Earth 
and Theia contribution in forming Moon; however, there 
are some keen arguments to settle among the group of 
researchers before concluding anything relevant. The 
present analysis suggests a possible mixture of 50:50, but 
this needs to be critically checked before confirmation. 
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A”O Composition for terrestrial and lunar samples 


Source:http://www.sciencemag.org/ 
content/344/6188/1146 
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» Ongoing seasonal gully activity on Mars 


Link:http://www.sciencedirect.com/science/article/pii/ 
$0019103514001663 


» The shrinking red spot of Jupiter 


Link:http://science.nasa.gov/science-news/science-at- 


nasa/2014/15may_grs/ 


» Types of Martian dust in the atmosphere 


Link: http://www.sciencedirect.com/science/article/pii/ 
$0019103513005332 


» Methanogens could survive on Mars 


Link:http://www.sciencedaily.com/ 
releases/2014/05/140519114248 htm 
» NASA's weather camera detects a new crater 
Link: http://www.nasa.gov/press/2014/may/nasa-mars- 
weather-camera-helps-find-new-crater-on-red-plan- 
et/#. U6wD6fmaVWO 
» Formation of Moon's pure Anorthosites 


Link: http://www.sciencedirect.com/science/article/pii/ 
S0019103514003261 
» Detection of Earth's transitory miniMoons 


Link: http://www.sciencedirect.com/science/article/pii/ 
S0019103514002796 
» Revised spectral parameters of MRO CRISM 
Link:http://onlinelibrary.wiley.com/ 
doi/10.1002/2014JE004627/abstract 
» Possible Serpentine mineral on Vesta 


Link: http://www.sciencedirect.com/science/article/pii/ 
S0019103514003145 


» Automatic detection of impact craters on Mars 


Link: http://www.sciencedirect.com/science/article/pii/ 
S0032063314001196 


» It may be a new Moon of Saturn 


Link: http://www.nasa.gov/press/2014/april/nasa-cassi- 


ni-images-may-reveal-birth-of-new-saturn-Moon/#. 


U6wFjfmaVW1 
» Scientific values of returning samples from Phobos 


Link: http://www.sciencedirect.com/science/article/pii/ 
$0032063314001123 
» Step forward to improve understanding of dark matter 


Link:http://www.sciencedaily.com/ 
releases/2014/06/140625201910.htm 
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Dark Matter in our Universe 


Introduction: 

Evidences from cosmology and astronomy (including stud- 
ies of the cosmic microwave background radiation, primor- 
dial nucleosynthesis and luminosity of supernovae) suggest 
that out of the total mass-energy density of the Universe, 
the ordinary baryonic matter (e.g. protons, neutrons, etc.) 
accounts for only about 4.6% while the rest is accounted 
for by 24% dark matter and 71.4% dark energy. Dark mat- 
ter does not emit or absorb any electromagnetic radiation 
(hence the term “dark”) and its existence is inferred solely 


Baryons 
4.6% 


Dark Matter 
24% 


Figure 1: Pie chart showing the mass-energy budget of 
the universe today 


from its gravitational effects. Dark matter particles will 
have all standard properties of other particles (they satisfy 
Einstein's mass energy relation, etc.) but are different pri- 
marily in that they have very weak interactions with our 
standard particles (electron, proton, neutron, photon, etc.) 
and so have not been detected yet. 


Below, we shall first discuss the observations that estab- 
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lished the probable existence of dark matter and then give 
a brief account of possible dark matter candidates and 
their significance in modern particle physics and cosmol- 
ogy. Thereafter we shall discuss different experimental 
approaches to detect dark matter. Finally we highlight the 
Indian involvement in them and our future plans for dark 
matter detection experiments. 


Evidence for dark matter: 

The first evidence for dark matter came in 1933 when 
Zwicky measured the velocities and kinetic energies of gal- 
axies in the Coma cluster, and by applying the virial theorem 
he concluded that the average mass density of the Coma 
cluster would have to be about 400 times greater than that 
derived using observed luminous matter. (Using the current 
value of the Hubble parameter this 400 reduces to ~50.) 


The next strong evidence came from the rotation curves of 
spiral galaxies. The rotation curve of a galaxy is a plot of 
the orbital circular velocity of the individual stars and gas 
clouds at different distances from the center of the galaxy. 
For a galaxy with most of its mass contained in its central 
region, the velocity of an object outside the central region 
should decrease with the square root of the orbital radius 
(Keplerian decline). Rotation curves of spiral galaxies show 
an expected rise in the central regions but then remain al- 
most flat, in contrast to the expected Keplerian behavior. An 
explanation of the rotation curves requires that the total mass 
in the galaxies is about 10 times more than the luminous 
mass, suggesting that most of the mass in the spiral galaxies 
is dark. Fig. 2 shows the rotation curve of the M33 spiral 
galaxy and an artist’s impression showing a spiral galaxy 
within a halo of dark matter. 


The last evidence that we shall mention here is the gravita- 
tional lensing studies of the Bullet Cluster (1E 0657-558), 


Figure 2: (left) The rotation curve (plot of rotational velocity of the individual stars and gas clouds as a function of 

their distance from the centre of the galaxy) for the M33 spiral galaxy. Note the rise in rotation curve in the inner 

region of the galaxy and then the flat behavior to very large radii. Source: http:/jwww.astro.virginia.edu/. (right) An 
artist's impression showing a spiral galaxy within a halo of dark matter (in blue). Credit: ESO/L. Calcada. 
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which is possibly the best evidence to date in favor of the 
existence of dark matter. Galaxy clusters contain luminous 
galaxies as well as Intergalactic Medium (IGM) or plasma 
and dark matter. The IGM contains more mass than the 
luminous matter of the galaxies. If two galaxy clusters 
collide each constituting component of the cluster will 
behave differently. The individual galaxies of each cluster 
will largely pass by each other but the particles of the in- 
tergalactic plasma will collide. The dark matter component 
which is collisionless is expected to move together with 
the luminous galaxies. Then it follows that the collision of 
two clusters should cause the galaxies (and the dark matter 
component) to become spatially separated from the plasma 
with the former moving further apart and the plasma oc- 
cupying the region between the two groups of galaxies. In 
the absence of dark matter the gravitational potential will 
trace the dominant visible matter component, namely, the 
intergalactic X-ray plasma. However if the cluster mass is 
dominated by collisionless dark matter the potential will 
trace the distribution of the dark matter which is coincident 
with the distribution of the luminous galaxies. 


The study of gravitational lensing maps from wide field 
ground based images along with the Hubble Space Tele- 
scope (HST) and Chandra X-ray Observatory images shows 
that the gravitational potential does not trace the plasma 
distribution, but rather approximately traces the distribution 
of galaxies. Since the galaxies are less massive than the 
IGM this implies the presence of additional unseen mass 
associated with the dark matter component. A composite 
image of the Bullet Cluster is shown in Fig. 3. 


Volume -4, Issue-3, July 2014 


The particle zoo and the dark matter candidates: 

There is ample evidence from the observations of the 
Cosmic Microwave Background Radiation (CMBR), the 
large scale structures (such as galaxies, clusters, etc.) and 
the abundance of light elements created during primordial 
nucleosynthesis (Deuterium, *He, “He and ’Li) that suggests 
that dark matter is primarily non-baryonic, possibly in the 
form of particles, which can clump to constitute virialized (a 
system of gravitationally interacting particles that is stable) 
structures on different length scales. Non-baryonic particle 
candidates are motivated by physics beyond the largely con- 
firmed Standard Model of Particle Physics. These particle 
candidates are very “attractive” because we get them “for 
free” from theories that were proposed to fix some other 
deep problems in particle physics. In passing we mention 
that primordial black holes have also been suggested as 
a candidate for dark matter but it is not obvious that they 
would have the correct mass distribution to account for the 
observed dark matter. 


Weakly Interacting Massive Particles (WIMPs): The most 
popular candidate for dark matter, WIMPs, have a mass in 
the range of hundred to few thousand times the proton mass 
and they interact via the weak force interactions. These par- 
ticles were in thermal equilibrium in the very early Universe 
but their weak interactions freeze out at a time t ~ 10° sec 
after the big bang. The thermal freeze out of WIMPs in the 
early universe gives a value of their mass density today 
in the ballpark of the value inferred from cosmological 
observations for the dark matter. This is often referred to 
as the WIMP miracle. A much investigated example of a 
WIMP is the neutralino, a neutral supersymmetric particle 


Figure 3: A composite image showing the Bullet cluster. The two pink clumps are the hot plasma detected by Chandra 

in X-rays and contains most of the baryonic matter. The galaxies in orange and white are optical images from Magel- 

lan and the Hubble Space Telescope. The blue areas show where most of the mass in the clusters are concentrated. 

Credit: X-ray: NASA/CXC/CfA/M.Markevitch et al.; Optical: NASA/STScI; Magellan/U.Arizona/D.Clowe et al.; 
Lensing Map: NASA/STScI; ESO WFI; Magellan/U. Arizona/D.Clowe et al. 
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(supersymmetry is a theory that was proposed to suppress 
unwanted quantum corrections to the Higgs boson mass 
in the Standard Model). One goal of the experiments at 
the Large Hadron Collider (LHC) at CERN is to detect a 
supersymmetric particle (though not necessarily the dark 
matter particle itself). 


Axions: The Standard Model Lagrangian contains a term 
which implies an electric dipole moment for the neutron. 
The experimental upper bound on the neutron electric 
dipole moment suggests an unnaturally small value of the 
coefficient 0 of this term (0 <10°). This is referred to as 
the “Strong CP (Charge-Parity) problem” in the Standard 
Model. One proposed solution of the problem involves ex- 
tending the mathematical symmetry of the Standard Model 
Lagrangian. This resolution also implies the existence of 
a new particle called the axion, which can play the role of 
dark matter if its mass is 10““times the mass of a proton. 


Gravitinos: The gravitino is the supersymmetric partner 
of the graviton, the particle responsible for gravitational 
force in a quantum theory of gravity. If it is the lightest su- 
persymmetric particle then it can be a candidate dark mat- 
ter particle. In the super-WIMP scenario, the next light- 
est supersymmetric particle can decay after their thermal 
freeze out into gravitinos and this results in the inheritance 
of the WIMP miracle by gravitinos. 


Other possible candidates: Candidates like “sterile” neu- 
trinos and “hidden sector” dark matter are among the other 
possible dark matter candidates. Sterile neutrinos are neu- 
trinos that do not interact via electromagnetic and weak 
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interactions (but mix with the known light electron, muon 
and tau neutrinos). Particles which do not have any non- 
gravitational interactions with Standard Model particles 
are referred to as belonging to a “hidden” sector. Hidden 
sectors are often included in extensions of the Standard 
Model, particularly those associated with supersymmetry. 


All the above mentioned particles are ingredients of theories 
that extend physics beyond the Standard Model of Particle 
Physics. While it is believed that one does need to consider 
such extensions, which of these theories is correct is not 
known, and none of the proposed dark matter candidates 
above have been detected so far. 


Dark matter searches and recent observations: 

Milky Way, our galaxy, is believed to be within a roughly 
spherical dark matter halo. Dark matter particles such as 
WIMPs and axions can have interactions with the Stan- 
dard Model particles or among themselves to produce sig- 
nals that can be used to detect them. The most commonly 
used model to describe the dark matter distribution is the 
Standard Halo Model (SHM) with a local dark matter den- 
sity p ~ (5.3 + 1.8) x 10°75 g/cm. Another important in- 
put in calculating the dark matter scattering cross section 
is the velocity distribution of dark matter particles in our 
galaxy halo. 


There are different experimental strategies that can be em- 
ployed to detect them: direct detection, indirect detection 
and collisions. 


Direct detection:Direct detection is based on the rare in- 


Figure 4: A figure showing the experimental arrangement used in XENON100 and the basic working principle. 
Source: http://xenon.astro.columbia.edu/XENON100_Experiment/. 
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teraction (if any is there) of dark matter particles with the 
detector. Experiments like LUX (Large Underground Xe- 
non experiment), CoGeNT (Coherent Germanium Neutri- 
no Technology Dark Matter Experiment), DAMA/LIBRA 
(Large sodium Iodide Bulk for Rare processes), CDMS 
(Cryogenic Dark Matter Search) and its successor super- 
CDMS, and XENON100 belong to this category. We will 
briefly discuss the XENON100 experiment shown in Fig. 4. 


The XENON100 uses 161 kg of liquid xenon, and xenon 
gas. A dark matter particle can interact with the liquid xenon 
(larger the volume, better the chance of having more dark 
matter events, because of the low scattering cross section 
of dark matter particles) which results in the production 
of scintillation photons and electrons. The electrons are 
then extracted into the xenon gas producing secondary 
scintillation photons. Both sets of photons are collected by 
photomultiplier tubes. So far the experiment has excluded a 
very large range of masses for the dark matter particle. 


An interesting phenomenon is the annual modulation of 
the dark matter detection rate due to the variation in the 
velocity of the dark matter halo relative to the earth, as the 
earth orbits the Sun. Experiments such as DAMA/LIBRA 
use this idea to search for dark matter candidates. 


The DAMA/LIBRA, CRESST, COGeNT and CDMS II 
claim dark matter detections. But null detections of other 
experiments such as LUX question the acceptability of 
these signals as true dark matter signals. More independent 
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confirmation is needed to draw a final conclusion. 


The ADMX experiment exploits the (very weak) interac- 
tion of axions with photons. A large 8 tesla magnetic field 
is maintained in a microwave cavity with the objective of 
detecting microwave photons that may be created by the 
interaction of halo dark matter axions with the photons of 
the magnetic field. To minimize thermal noise the cavity is 
cryogenically cooled to less than 4 K. 


Indirect detection: The annihilation of dark matter can 
produce a detectable signal in the form of Standard Model 
particles. For example if neutralinos are Majorana particles 
(a particle that is its own antiparticle), there is a possibility 
that neutralino-neutralino scattering may result in annihi- 
lation. Gamma rays, neutrinos, anti-protons and positrons 
are among the popular annihilation products that can then 
be detected. Dense regions of dark matter, e.g. galaxy clus- 
ters, dwarf galaxies, the Milky Way halo, etc. are the best 
places to produce such annihilation signals. Space-borne 
experiments PAMELA (Payload for Antimatter Matter 
Exploration and Light-nuclei Astrophysics), FERMI-LAT 
(Large Area Telescope) and AMS-02 (the Alpha Magnetic 
Spectrometer) report an excess flux of positrons. Fig. 5 
shows the positron excess over the expected background 
flux obtained by PAMELA and FERMI-LAT experiments, 
and how this can be interpreted as due to dark matter an- 
nihilation. There was some excitement in recent times 
regarding a bump in the gamma ray spectrum at 130 GeV 
found by FERMI-LAT looking near our galactic center. This 
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Figure 5: (left) A picture showing the Fermi Gamma-Ray Space Telescope (formerly known as GLAST). The Large 
Area Telescope (LAT) instrument detects gamma ray photons via the electron-positron pair production in tungsten 
sheets inside the direction sensitive tracker towers. The energy of the pairs is measured in the calorimeter unit. Cred- 
it: NASA/Sonoma State University/Aurore Simonnet. (right) A plot showing positron excess detected in PAMELA 
and FERMI, interpreted as due to Dark Matter annihilations. The flux from the annihilation of the best fit dark mat- 
ter candidate (with a mass ~ 3000 times mass of the proton) is shown by the dashed line. This flux is summed to the 
supposed background (in grey), to obtain the pink flux which fits with the data. Source: M. Cirelli (2012). 
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signal may correspond to dark matter particle annihilation. 
The HESS (High Energy Stereoscopic System) gamma ray 
telescope (observing the inner region of the galaxy in the 
energy range 100 GeV to | TeV) may provide a confirma- 
tion in the near future. 


As the Sun sweeps through different regions of the dark 
matter halo, the interaction of dark matter with the high 
density of solar matter causes the former to lose energy 
slowly and accumulate in the Sun’s core. Neutrino detection 
experiments like IceCube and AMANDA are looking at the 
Sun to find an excess of neutrinos in the energy range 10 
GeV <E,<1 TeV, produced directly or indirectly from the 
annihilation of dark matter in the Sun’s core. Helioseismo- 
logic studies of the Sun’s oscillations can be used to detect 
the scattering of faintly charged dark matter particles (if 
any) off electrons in the solar plasma. 


In the future, the Cherenkov Telescope Array (an interna- 
tional project to build hundreds of ground based telescope 
to detect gamma ray scattering by the atmosphere) will 
provide an energy window upto the 100 TeV range (upper 
limit of the WIMP mass energy) to look for massive super- 
symmetric dark matter annihilation signals. 


Collisions:Dark matter particles may be created in collid- 
ers, however observing them is a bit tricky because they 
are neutral as well as weakly interacting (if hypotheses 
like WIMPs or super-WIMPs are true). The next LHC 
run which is expected to achieve particle energies upto 
14 TeV (two times the energy that led to the discovery of 
the Higgs boson) may provide some insight into super- 
symmetric theories and dark matter scenarios. A 100 TeV 
collider as the next step after the LHC is being planned 
by particle physicists and would be very exciting for dark 
matter searches. 


Indian quest for dark matter: 

Many Indian scientists are engaged in theoretical studies of 
dark matter interactions in the context of different particle 
physics theories. Furthermore, Saha Institute of Nuclear 
Physics (SINP) is actively involved in the PICO dark mat- 
ter experiment in the SNOLAB underground laboratory at 
Sudbury, Ontario, Canada. Two dark matter search experi- 
ments, using a bubble chamber filled with 37 kg of CF3I 
and a chamber loaded with 3 kg of C3F8 are in operation 
under the PICO collaboration, and a larger version of the 
experiment with 500 kg of active mass is currently under 
development. 


India is also planning to set up an independent experiment 
to search for dark matter called DINO (Dark-matter@ 
INO) experiment in one of the caverns of the upcoming 
INO (India-based Neutrino Observatory). The first phase, 
called “mini-DINO” will cost about 5 crores INR and the 
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UCIL mine in Jaduguda is one of the potential sites under 
consideration for setting up mini-DINO. Physical Research 
Laboratory has been involved in the chemical analysis of 
the rock samples from the mines and in determination of 
the percentages of radioactive elements like Thorium and 
Uranium present in the rocks. That is then used to estimate 
the radioactive background which will be important while 
trying to identify the dark matter signal. 


Conclusion: 

The identification of what constitutes dark matter is one of 
the longstanding problems in cosmology. It has been eighty 
years since dark matter was first discovered and yet we still 
do not know the precise nature of dark matter. However one 
is hopeful that future experiments with greater sensitivity 
will shed more light on this issue, and ultimately lead to 
the discovery of the identity of dark matter. 
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Space Weather — Current Understanding 


The Sun, Earth and the Interplanetary Medium: 

The Sun is the main source of energy for all living systems 
on the Earth. This G-type main sequence star mainly 
consists of hydrogen in addition to the helium (~98%) and 
other heavy elements like iron, carbon, neon and oxygen 
etc (~2%). The interior structure of this hot sphere is di- 
vided into different layers/zones. The inner most zone i.e. 
core acts as a thermo nuclear reactor and produces most of 
the sun’s energy through fusion of hydrogen into helium. 
Once generated the thermal energy propagates outward 
in the form of thermal radiation through different zones 
like radiation zone, convective zone and the photosphere. 
In this way it heats the entire star. The radiations at the 
photosphere are now free to escape into the space. The 
photosphere is followed by the sun’s atmosphere i.e. 
chromosphere, corona and heliosphere. The temperature 
in the core is of the order of ~15x10° K which decreases 
to 5778 K at the photosphere. The temperature in the sun’s 
atmosphere again increases with height up to an order 
of 10° K in the corona. The high temperature and thus 
the pressure gradients between the photosphere and the 
corona provide enough velocity to the ionised particles 
at the corona which allow the particles to escape from 
the sun’s atmosphere. The steady emission of charged 
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particles in this way is known as the solar wind (Phillips, 
1995; Kivelson and Russell., 1995). 


It is well known that Sun’s activity, as measured by the 
intensities of electromagnetic and charged particle radia- 
tion, exhibits a cyclical variation with a period of about 
11 years. During the period of ~11 years, the intensity of 
these radiations varies from minimum to maximum and 
then goes to minimum again. When the intensity of the 
radiations is least, the sun’s activity will be minimum and 
this period is termed solar minimum or quiet period. The 
gradual increase in it leads to the solar maximum when the 
amount of these radiations is highest. The subsequent de- 
crease again leads to the solar minimum. In addition to the 
radiations, the sun shows periodic changes in the evolution 
and cessation of irregular structures at its surface. These 
structures are the well known sunspots. The sunspots are 
relatively cooler areas than their surroundings and hence, 
they appear dark. These sunspots are associated with strong 
magnetic fields and are surrounded by active regions within 
which they could grow. The solar cycle is also known as 
the solar magnetic activity cycle when the sunspots begin 
to appear at solar mid latitudes and propagates towards the 
equator with the increase of solar activity. The number of 
sunspots also increases as they move closer to the equator. 
Fig. 1 shows the variation of F10.7 solar flux and sunspot 
numbers during three successive solar cycles. 
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Figure 2: Schematic showing the earthward propagation of radiations and solar wind Fn during solar quiet 
conditions (Note: figure is not to the scale) 
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The Earthward flow of solar wind particles along with 
solar radiations can be visualized from the Fig. 2. The 
solar wind pressure compresses the geomagnetic field 
resulting in the formation of the geomagnetic cavity or the 
magnetosphere. The average solar wind speed is 400 km/s 
during solar minimum. When the solar wind particles ar- 
rive at the outer boundary of the Earth’s magnetosphere i.e. 
magnetopause, this encounter creates the bow shock near 
the magnetopause. The Earth’s magnetic field lines restrict 
the solar wind particles from entering into the Earth’s atmo- 
sphere except over high latitudes. A few of the solar wind 
particles do manage to enter into the Earth’s high latitude 
atmosphere through the dayside cusp region during daytime 
and through the open geomagnetic lines during nighttime 
(Russell, 2001). 


During solar maximum, violent eruptions mostly from 
the solar active regions around the sunspots release bursts 
of solar energy in the form of electromagnetic radiation, 
charged particle radiation and magnetic fields in to the 
interplanetary medium, which abruptly change the plasma, 
magnetic field and radiation structure and distribution at 
Earth-near space environment on the day lit side. Though 
the ejected energy amounts to be enormously large, it is 
still a small percentage of the total mass of the sun. The 
violent eruptions are generally in the form of solar flares or 
Coronal Mass Ejections (CME) or both. A solar flare is a 
sudden brightening observed over the sun’s surface which 
occurs in active regions around sunspots. Flares generally 
occur over a timescale of minutes to tens of minutes by 
release of magnetic energy along with the clouds of elec- 
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trons, ions and atoms stored in the corona. The eruption of 
solar flares carries electromagnetic radiation along with the 
stream of charged particles and solar magnetic field. The 
solar magnetic field as it travels through space between the 
planets and the sun is called as Interplanetary Magnetic 
Field (IMF). If flare occurs with larger intensity it may lead 
to burst of CME, although the correlation between flare and 
CME events is not recognized yet. Fig. 3 shows an example 
of solar flare event which occurred on April 25, 2014. An 
enhancement in X-ray radiation could be noticed with the 
initiation of flare event. 


CME is a transient event that carries clouds of charged par- 
ticles along with the magnetic energy from the solar corona. 
The main difference between the solar wind and CME is that 
the former is a steady stream of charged particles from the 
solar corona, while the latter is a sudden outburst of huge 
amounts of charged particles from the corona. The solar 
wind flows on regular basis while the CME occurs when 
the active regions are present at the surface of the sun. On 
the occasion of CME, the solar wind speed may reach up to 
1000 km/s. In case of Earthward flares and CMEs, a portion 
of the solar energy and mass may interact with the Earth 
at some time later depending upon their speed. In general, 
the ejected high energy particles arrive at the Earth with the 
time delay of around one or two days, while the enhanced 
electromagnetic radiations (particularly, X-ray and EUV) 
travel to the Earth in ~8 minutes. Upon arrival at the Earth’s 
magnetosphere, the resultant effects modify the energy bud- 
get of the Earth’s magnetosphere-thermosphere-ionosphere 
system. These events altogether are termed as the ‘Space 
GOES 15 X-Rays: 


Figure 3: An example of X1.3 class solar flare event that occurred on April 25, 2014. The simultaneous X-ray radia- 
tion enhancements could also be seen in the inset diagram (Courtesy: NASA Solar Dynamics Observatory) 
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Weather’ events. Space weather events start at the sun’s 
atmosphere, progress towards the interplanetary medium 
and terminate at the Earth’s atmosphere. In a broader sense, 
space weather can be described as the weather of the Sun - 
Earth system. It is entirely different from the weather that 
occurs at specific time and place in the Earth’s atmosphere 
in terms of changes in meteorological parameters like rain, 
wind, heat, cloudiness and dryness etc. Like atmoshperic 
weather, space weather also affects our daily life but in a 
different way. 


During CME events if the vertical components of IMF ( 
Bz) is southward, it reconnects with the Earth’s northward 
magnetic field in the dayside and transfers the mass and 
energy into the high latitude atmosphere through the open 
magnetic field lines. The broken magnetic field lines moves 
to the night side of the Earth due to the solar wind flow pres- 
sure. On the night side, the magnetic reconnection between 
the newly arrived field lines releases energy stored in the 
magneto tail and results into the deposition of the great 
amounts of mass and energy deep into the magnetosphere. 
The particle precipitation, in this way, mostly populates 
the 60°-70° latitudes zone where geomagnetic field lines 
begins (north pole) or ends (south pole). The precipitated 
energetic particles ionize or excite the atmospheric neutrals 
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at these latitudes. When these ionized molecules or atoms 
recombine or return to ground state, emit the natural vis- 
ible light in the sky. This beautiful and highly dynamical 
phenomenon is popularly known as the Aurora (100-300 
km) which often observed during space weather events. 
The latitudes zone of 60°-70°, where aurora mostly occurs, 
is known as the auroral oval. As the geomagnetic activity 
increases the aurora becomes brighter and more active while 
the auroral oval expands towards lower latitudes. Dayside 
particle precipitation generally occurs through cusp region, 
that also gives auroras at dayside but those are not as bright 
and dynamic as that of the night side. 


Fig. 4 shows the schematic of how the magnetic loop along 
with the high energetic particles gets detached from active 
regions around the sunspot and travels to the Earth. The 
dayside reconnection, travelling of field lines to the night 
side, arrival of high energy particles at high latitudes and 
occurrence of aurora are also shown sequentially in the 
figure. The ring current flowing over the Earth’s equator at 
3 to 5 Re becomes stronger due to the enhanced high energy 
particles injected during the tail reconnection at night side. 
As the horizontal magnetic field due to the ring current is 
in opposite direction of that of the Earth’s magnetic field, it 
would suppress the Earth’s horizontal magnetic field. The 
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Figure 4: (1) Closed magnetic loop at the active regions around the sunspot (2) due to increased pressure the 
loop elonates outward and (3) gets detached from the respective active region along with the hot solar plasma and 
propagates in the interplanetary medium (4) in case of earthward flow, it later interacts with Earth’s magnetic field 
and if the vertical component of the propagating interplanetary magnetic field is southward then it reconnects with 
the earth’s northward magnetic field at the dayside (5) the reconnection process breaks the magnetic field lines and 
high solar wind pressure sweeps them to the night side (6) & (7) few particles do manage to enter into the earth’s 
high latitudes from dayside cusp region where field lines are open but greater amount of particles gets injected 
during the night side reconnection. The night side tail reconnection releases high energy and injects it deep in to 
the magnetosphere. The particle precipitation mostly occurs at auroral oval zone (60°-70° latitudes) giving beauti- 
ful lights of Aurora. The ring current also becomes stronger following the night side reconnection. The red and 
white arcs in the figure represent the ring current flowing over the equator and aurora near the auroal oval zone 
respectively (please refer text for more detail). (Note: Figure is not to the scale) 
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Figure 5: Thermosphere Ionosphere System (TIS) during geomagnetically disturbed period 


decrease or suppression of geomagnetic field is generally 
termed as the geomagnetic storm. 


Response of the Earth’s Atmosphere to Space Weather 
event: 

Geomagnetic storm globally modifies the energy budget and 
density distribution of the Earth’s Thermosphere Ionosphere 
System (TIS). Fig. 5 shows the schematic of how the TIS 
vary during geomagnetic storm. The physical mechanism of 
low latitude thermosphere-ionosphere variations is observed 
to be influenced by storm time electrodynamical and neutral 
dynamical coupling between high and low latitudes. The 
day and night time response of high and low latitude TIS 
to these coupling effects is shown systematically in fig. 5. 
The deposition of great amount of mass and energy at the 
high latitudes during storm event in turn modifies the high 
latitude ionospheric electric field (electrodynamical effect) 
and neutral temperature (neutral dynamical effect). 


The ionospheric electric fields and currents at equator 
(Equatorial Electrojet- EEJ) and at low latitudes have been 
observed to be modulated by the direct prompt penetration 
of interplanetary electric field and delayed penetration of 
slowly varying storm time wind induced disturbance dy- 
namo electric field under the high latitude — low latitude 
coupling processes. The storm time ionospheric electric 
field perturbations affect the distribution of low latitude 
ionospheric plasma (Equatorial Ionisation Anomaly — EIA) 
by creating positive ionospheric storm (increased electron 
number density) and/or negative ionospheric storm (de- 
creased electron number density) and the occurrence of 
plasma density irregularities (Equatorial Spread-F — ESF) 
at equatorial and low latitudes (Bagiya et al., 2011). 


The enhanced storm time joule heating over high latitudes 
lifts the neutrals and drives them toward the low and equa- 
torial latitudes, thereby changing thermospheric composi- 
tion globally. The increased neutral temperature induces 
the storm time equatorward meridional winds that in turn 
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change the wind pattern globally. The thermospheric neu- 
tral composition changes, in general, given by the ratio of 
atomic oxygen (O) to molecular species (N, and O,), directly 
affects the low latitude ionospheric electron density. It is 
known that the O and N, have a great role in production 
and loss of ionosphere, respectively. The photoionization 
of atomic oxygen is the main production process in iono- 
sphere while the recombination of electrons with ambient 
N,* and O,*, through a two-step process, is the major 
chemical loss mechanism. Thus, any change in O or N, 
and O, leads to either increase or decrease of ionospheric 
electron density depending on the neutral density changes 
(Bagiya et al., 2011). 


Space Weather — Societal Impacts: 

Space weather has two major elements relevant to soci- 
ety — (1) scientific research and (2) applications. The high 
energy particles from the sun during space weather events 
adversely affect the operation of the spacecraft flying 
around the Earth by degrading the solar arrays, damaging 
the sensitive electronics and by damaging the payloads 
etc. The excess radiation in the space can be harmful to 
the astronomer also. Though for the people on the Earth, 
the health effects will be very limited depending on their 
location on the Earth and the severity of the event (Barker, 
2005; Workshop Report, 2008). 


The space weather affects are hazardous for satellite based 
applications. The enhanced electric currents over the auro- 
ral region during severe space weather events can disrupt 
the electric power transmission lines which leads to the 
electricity shut down for that period. The enhanced current 
also increases the corrosion of the buried pipelines which 
generally carry gas and oil. The ionospheric electron density 
shows dramatic increase and decrease during flare and CME 
events which can disturb the HF radio communications in 
addition to the satellite based ground navigation. Due to 
the enhanced ionospheric electron density, the navigational 
signals from the satellite experience extra delay while trav- 
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elling through the ionosphere. Upon arrival at the ground, 
these erroneous signals provide wrong estimation of the 
user position and the navigation path. During severe space 
weather events, the huge increase in ionospheric electron 
density can absorb the HF radio signals giving the complete 
communication blackout. The adverse effect of this could be 
seen at aviation part at the high latitudes when the aircraft 
crossing the Polar Regions have to divert their path to lower 
latitudes. During such severe events, the satellite based 
navigation system like Global Positioning System (GPS) 
may stop working for certain period of time depending upon 
the severity of the event. When the navigation signals from 
GPS satellite experience huge electron density along their 
propagation path, they may lose their power significantly. 
If the reduction in power is below the threshold level of 
the receiver at ground then the receiver may not be able to 
lock these signals properly. This results into the disruption 
in the estimation of user position and navigation path. In 
addition to this, the enhanced EUV radiations during flare 
events heat the neutral atmosphere causing it to expand. 
This introduces the extra drag on the near Earth orbiting 
satellite and thus reduces the life span of the low Earth 
orbiting satellite (Barker, 2005; Workshop Report, 2008). 


Space Weather Prediction — Current Status: 

Several agencies all over the world are working on giving 
the space weather prediction alerts by updating on solar and 
geophysical data at regular intervals during 24 hours and 
365 days! But these alerts can be provided possibly only 
after the solar material traverses ~98 % of the distance — 
approximately 10-15 min advance during the severe events. 
Several dedicated satellite missions, like GOES, NOAA 
POES, SOHO and ACE at (L1 point), SDO and the latest 
addition being the STEREO, are currently operational for 
the ultimate aim of giving reliable space weather alerts well 
advance in time. 


The sun is the primary driving force for weather and cli- 
mate. In spite of the overall understanding been significantly 
improved taking us closer to a level of making reasonable 
forecast, the sun-Earth environment is so complex that we 
are still in learning phase!! CAWSES (Climate and Weather 
of the Sun-Earth System), an international programme 
sponsored by SCOSTEP (Scientific Committee on Solar- 
Terrestrial Physics) was recognized during 2006-2013 
with an aim to enhance our understanding of the sun-Earth 
environment and its impacts on society and life. Indian 
counterpart of CAWSES sponsored by ISRO was named as 
CAWSES-INDIA. The main aim of the CAWSES-INDIA 
programme was to bring the various Indian institutes 
and universities under one umbrella and promote space 
weather research in the country. CAWSES-INDIA and 
international both had come to an end during 2013-2014. 
VarSITI (Variability of the Sun and Its Terrestrial Impact), 
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the next programme sponsored by SCOSTEP (2014-2018) 
will now focus on the current peculiar solar activity and its 
consequences on Earth. 
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Metal from Space 


An inventory of metal in our solar system reveals that it 
is present at the inaccessible core of all the rocky planets 
including our earth and in M- class asteroids, the probable 
abode of iron meteorites. It is a general curiosity to know 
more about the members of the ‘Metal family’ which con- 
sists of mainly Fe- Ni alloy and related volatile, refractory 
siderophile (metal loving) elements as their close associates. 
Researches on iron meteorites not only help to understand 
the physical and chemical nature of the Earth’s metallic 
core that covers ~15% by volume but also can simulate the 
metallurgical Fe- Ni chemical system in the research labo- 
ratories so that the research output could be utilised in the 
iron and steel industries. How and from where this metallic 
core came to the planetary bodies? How far study of iron 
meteorites can help? Or, is there any other source of metal 
in extra- terrestrial bodies? In this article, an attempt will 
be made to analyse the existing knowledge on meteoritics 
to resolve our queries. 


What do we understand from the term ‘Metal family’? 
To our concern, metal family implies an alloy of iron and 
nickel. In iron meteorites, Fe- Ni alloys are available in 
two low- temperature polymorphs (a - Fe, Ni and y - Fe, 
Ni) and one high pressure polymorph (g- Fe, Ni). a- iron 
is popularly known as kamacite whereas y- iron is known 
as taenite. High pressure polymorph is distinguished by its 
characteristic “matte structure’ in shocked iron meteorites. 
Three non metals, sulphur (S), phosphorus (P) and carbon 
(C) depending on their relative abundances in the metallic 
melt may either hide out as tiny exsolved impurities or, 
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come out to prove their individual identities as accessory 
minerals, troilite (FeS), daubreelite (FeCr,S,), schreibersites 
((Fe, Ni),P), cohenite (Fe,C), graphite (C ) and a few oth- 
ers. Advanced instruments have detected a group of volatile 
siderophile (Ga, Ge, As, Sb, Au, Cu) and refractory sidero- 
phile elements (Ir, Re, Cr, W) in parts per million (ppm) and 
parts per billion (ppb) level in the metallic melt and their 
small magnitudes have been noted to create tremendous 
impact in classifying the small metal family into several 
metal groups with distinctive external characters (textures, 
structures) and internal characters (fractionation trend, cool- 
ing rate). It would be interesting to trace back their parent 
and its pristine characters rather than characterising each 
individual member of the extended family. 


About 75% of total falls and finds of meteorites belong to 
silicate- rich variety of rocks analogous to our earth’s mantle 
and this group is popularly called ‘Chondrite’ for its beauti- 
ful texture ‘chondrule’ (Fig. 1). Scientists, over long period 
of research, have established chondrite as chemically most 
primitive, with chondritic composition being close to the 
solar composition (except for some volatile elements) and 
have identified events related to early solar nebula. It is said, 
in the early solar nebula, neutral gas of solar composition 
at very high temperature but under very low pressure (~107 
bar) started condensing. The first solid to form as condensate 
at 1758 K was Corundum (A1,O.) and with time a series of 
high temperature refractory condensates as oxides- Hibo- 
nite (CaAl,,O,,), Perovskite (CaTiO,), Gehlenite (Ca,Al, 
SiO.) and Akermannite (Ca,MgSi,O., Spinel (MgAIO,) 
appeared with falling temperature and finally Fe- Ni metal 
came into existence at 1471 K (Fig. 2). 


“a 


Figure 1; (a) An enlarged view of a CHONDRITE, composed of several rounded to nearly rounded chondrules and 
black matrix and (b) An enlarged view of a CHONDRULE composed of porphyritic olivines (PO). 
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Figure 2: Mineral stability fields under equilibrium at 50% nebular condensation temperatures (after David & 


Richter, 2003) 


The metal which condensed at 1471 K is the first natural al- 
loy that came out as solid directly from nebular gas without 
passing through the melt phase. We designate this pristine 
metal as ‘primary metal’. Surprisingly, it is revealed that 
this primary metal is available in association with other 
high temperature silicate condensates- Enstatite, Forsterite, 
Diopside, Anorthite within the chondrule (Fig. 2). On the 
contrary, other high temperature refractory condensates, 
CAIs (Calcium- Aluminium Inclusions) which appeared 
before metal in chondrite does not show any close associa- 
tion. This led us to infer that chondrules of chondrites are 
very important to study the missing link between mantle 
and core of our earth; in other words, between metal of 
chondrites and metal of iron meteorites. 


One of the significant primary processes involved in the 
early solar nebula was the “Metal- Silicate chemical frac- 
tionation” (Larimer & Anders, 1970) that produced two 
distinct chemical reservoirs, one of Fe- Ni and related 
siderophile elements and the other of Si and related litho- 
phile (silicate loving) elements. Simultaneously, another 
fractionation also took place within the nebular silicates, 
identified as “Refractory- Volatile elements fractionation”. 
Formation of chondrules and their accretion in different 
chondritic parent bodies including the planets were held 
in protoplanetary nebular disc from these reservoirs at dif- 
ferent periods. Moreover, Refractory lithophile element 
fractionations (M¢g/ Si, Ca/ Si, Al/ Si and Ti/ Si) with nearly 
uniform ratios between chondrite groups confirm their 
cosmochemical nebular condensation rather than planetary 
melting and phase separations. 


Ae 


In spite of diverse nebular condensation models (equi- 
librium condensation, disequilibrium condensation and 
condensation at very high pressure) equilibrium model can 
thermodynamically explain the stability fields of primary 
Fe- Ni metal alloy in association with minor Co and Cr at 
1471 K. Two essential non metals, P and S of the Fe- Ni 
system condensed as schreibersite ((FeNi),P) and troilite 
(FeS) at relatively lower temperature. We observe a close 
association of metal and sulphide but without any significant 
correlation and it is because of the strong effect of metal- 
silicate fractionation in the condensation system. 


Multifaceted geochemical behaviour of iron as lithophile 
(silicate rock loving), siderophile (metal loving) and chal- 
cophile (sulphide loving) elements including its moderately 
volatile character in chondritic metal is because of three 
processes, (a) condensation from nebular gas along with 
Ni as an alloying element at 1300 K to 1400 K (Gross- 
man, 1972), (b) reduction from silicate iron as FeO and (c) 
devolatilisation of FeS. Other siderophile elements hosted 
in metallic iron are partly derived either from the silicates 
or, from sulphides depending on their partition coefficient 
(KD) values. 


It is now widely accepted from meteorite research that the 
primary nebular fractionation and accretion process simul- 
taneously went on in the nebular environment. Secondary 
processing like melting, differentiation, thermal alteration 
by diffusion kinetics and impact- induced shock alteration 
of the accreted objects took place in the planetary or, aster- 
oidal environment of the same protoplanetary disk between 
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Figure 3: Modified Urey & Craig Diagram explains vari- 
ability of reducing environment (total metal + sulphide 
content) against oxidising environment (total silicates 
+ oxide content) among chondrites. Oxidation states of 
Netschaevo chondrite (N) and our bulk earth are shown 
as references. 


1 AU and 4 AU. In this backdrop, we are able to classify 
metal family into primary metal and secondary metal based 
on their grooming up in two distinctly separated environs. 
Chemical connectivity in absence of physical connectiv- 
ity proves that the primary metals of the chondrule are 
unmelted precursors to secondary metals, now available 
in iron meteorites which are differentiated products of 
chondrites. 


Heterogeneous nebular environment is well understood 
from bulk chemistry of all the three major chondrite groups, 
Enstatite chondrite (E- group), Ordinary chondrite (O- 
group) and Carbonaceous chondrite (C- group). In spite 
of high volatile content in C- chondrites, it is remarkable 
that all the three chondrite groups have similar major and 
minor element chemistry if considered on volatile- free (C, 
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H, O & S) basis. Further, abundance of metal with respect 
to total iron clearly indicates strongly reduced environment 
for E- group, strongly oxidised environment for C- group 
and an intermediate of these two extreme environs for O- 
group (Fig. 3). A similar variation of metal abundance has 
been noted amongst three subclasses of O- group (Urey and 
Craig, 1953) with progressively increasing state of oxidation 
from H- chondrite to L- chondrite and LL — chondrite. Due 
to sparse metal in LL group three parameters- total iron, 
metallic iron and nickel wt% together can only resolve LL 
group from L- group (Keil and Fredrikkson, 1964). 


Primary Metal: 

Nature of primary metal (Fig. 4) can be best examined from 
unaltered high temperature chondrules which are available 
in unequilibrated chondrites (Type 3). Striking contrast 
in metal- sulphide character is noted between chondrites 
formed under most reducing environment (E- chondrite) 
and those formed under oxidising environment (O- and C- 
chondrite). In E- chondrite, Si- enriched metal and a large 
variety of uncommon sulphides make its character very 
unusual. Other accessory phases include Fe- Ni bearing 
phosphide (Schreibersite), silicide (Perryite) and carbides 
(cohenite). Kamacite (Ni: 2-6 wt%, Si: 1.5- 3 wt%) is 
the most dominant phase with Co, Cr and P as dissolved 
elements and taenite (Ni: 16.4 wt%, Si: 1.23 wt%) is an 
extremely rare phase. 


Besides troilite, other sulphides present in E-Chondrites 
include niningerite (FeMgMnS), alabandite (MnFeS), 
oldhamite (CaS), daubreelite (FeCr2S4), sphalerite (ZnS), 
djerfisherite (Na- K- Cu- Fe sulphide). They have a general 
tendency to occur in massive or, in concentric nodules. 


In ordinary chondrites, irrespective of their H, L and LL- 
status, chondrules are present in good abundance and the 
metal- sulphides have nearly uniform composition. Here 
also, kamacite is the major phase with variable Ni (2.7- 6.1 


\ ee 
4: 


a) pm 


Figure 4: BSE images of primary Fe- Ni metal (white blebs) in (a) radiating pyroxene chondrule and (b) porphyritic 
pyroxene chondrule. met- Metal, px- Pyroxene, ol- olivine, sp- Spinel, mes- mesostasis. 


pLANex 


19 
Back to contents 


wt%) and Co, Cr, P and Si are present as dissolved elements. 


Since all the subclasses of C- chondrites have variable 
abundance of chondrules and undergone different degrees 
of aqueous alterations in planetary environment therefore 
ideal class for studying pristine metal would be CO- CV 
which contains abundant chondrules and least volatiles. 


In a nutshell, primary metals have undergone drastic 
changes in the nebular environment from reducing to oxidis- 
ing domains in spite of having certain common characters. 
Primary metals in all the chondrites are present as both 
low- Ni phase (kamacite) and high Ni- phase (taenite) and 
kamacite is predominant over taenite. Co, Cr, P and Si are 
common associates either as dissolved elements in metal 
or, as exsolved inclusions or, as individual mineral phases. 
Sulphides, mainly troilite are ubiquitously present in all 
the chondrites. 


What we find significant in the reduced part of nebula is the 
presence of good amount of metallic silicon (max 3 wt%) 
within Fe- Ni metal. Also, we observe wild combination 
of sulphur with lithophile elements (Ca, Mg, Na, K, Mn, 
Cr) besides its normal chalcophilic affinity with Fe, Zn, 
Cu. Moreover, many non- metals (P, C & Si) come out 
with their mineral identities as Schreibersite ((Fe, Ni),P), 
Cohenite (Fe,C) and Perryite ((Ni,Fe),(Si,P),). If we look at 
the oxidised part of the nebula, non metals are insignificant 
as these are present as dissolved elements in the metals. A 
new tendency starts to develop conjoined grains low- Ni and 
high- Ni metal and disequilibrium multi- phase nodules that 
form at low condensation temperature with all the residual 
phases of metal, sulphide, phosphide and carbide. It is also 
interesting to note that in highly oxidised nebular environ- 
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ment (LL- and C- chondrites) metal is not only sparse but 
some new metal phases, high Ni bearing Awaruite (Ni,Fe) 
and high Co bearing Wairauite (FeCo) appear. 


Secondary Metal: 

Basic objective of studying iron meteorites is to explore 
chemically evolved non solar compositions of metal and 
derive thermal history of the parent bodies in terms of cool- 
ing from melt phase and chemical fractionations. We shall 
refer to four significant aspects of secondary metal to dis- 
tinguish the same from primary nebular metals: Widman- 
statten structure, Plessite structure, Chemical fractionation 
of volatile and siderophile elements and Metallographic 
cooling rate. 


Widmanstatten pattern, most characteristic texture of iron 
meteorites, is an octahedral intergrowth of kamacite la- 
mellae parallel to (111) planes of taenite (Fig. 5). Relative 
abundance of the two minerals and their textural relation- 
ship in iron meteorite are chiefly governed by the bulk Ni, 
cooling rate and presence of P in the metallic melt (Yang 
& Goldstein, 2005). 


Under slow rate of equilibrium cooling, Widmanstatten 
structure (Buchwald, 1975) forms if bulk Ni ranges between 
5 wt% and 18 wt%. If bulk Ni is <5 wt% only kamacite plate 
appears with Hexahedrite structure. If bulk Ni is > 18 wt% 
Widmanstatten pattern disappears with a fine- scale micro- 
widmanstatten or, ataxite structure (Fig. 5). Primary metals 
in chondrites commonly do not exhibit such structure. 


Plessite is another structure, very common in iron meteor- 
ites. It is also an intergrowth of kamacite and taenite with 
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Figure 5: (a) Simplified Fe- Ni system explains the relationship between structural classification and chemical clas- 
sification in terms of bulk Ni- content for secondary irons (b) Widmanstatten structure forms in the Octahedrite field 
where kamacite bands grow at the expense of taenite by diffusion of Ni at kamacite- taenite interfaces. 
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a large variety of designs that resemble net, comb, cellular, 
pearl and several others. This texture can directly form 
through decomposition of residual taenite at low tempera- 
ture under slow cooling: y — (a +7) or, else it can indirectly 
form from taenite to plessite under fast cooling through o.,, 
metastable kamacite phase (martensite): y > a, > (a+). 
This structure is occasionally noted in ordinary chondrites, 
especially in L class under low temperature condensation 
where kamacite- taenite may be noted either as conjoined 
grains or, as finely intergrown plessite. 


Three fold structural classification of iron meteorites (Hexa- 
hedrite, Octahedrite and Ataxite) has been suggested based 
on kamacite- taenite relationship including kamacite band- 
width. Subsequently, a chemical classification has been 
arrived at based on volatile siderophile element (Ga, Ge) 
fractionation into four distinct chemical groups (Lovering 
etal, 1957), with later refinements leading to the present 13 
well defined chemical groups of iron meteorites, IAB, IC, 
ITAB, IIC, IID, IIE, IIF, WIAB, WICD, IIE, TIF, IVA and 
IVB. Thirteen (13) trace elements are widely determined 
in iron meteorites out of which plots of six elements, Ga, 
Ge, As, Sb, Co, and Ni against Au are commonly used for 
taxonomy and other six elements, Cu, Cr, W, Pt, Re and Ir 
against Au are used to indicate compatibility during crys- 
tallisation (Wasson et al, 2007). Existing database of iron 
meteorites record at least 13 parent bodies for 13 chemical 
groups that evolved in asteroidal bodies. There is no doubt, 
in spite of chemical fractionation of 13 trace elements, the 
cosmochemical property which is primary nebular conden- 
sation temperature, played the key role in controlling the 
primary bulk composition of different chemical groups in 
terms of Ni, Ga, Ge and Ir abundances of iron meteorite. 


Metallographic cooling rate of iron meteorites (Wood, 1967) 
has been estimated through simulation of Fe- Ni system in 
the laboratory with due consideration of a large number 
of constraints: bulk Ni, presence of non metals, diffusion 
coefficient of elements, impingement of growing kamacites, 
undercooling of kamacite nucleation, local variation of 
Ni, absence of taenite phase, impact event during cooling, 
open and close system of crystallisation and so on. Avail- 
able data till date suggest different range of cooling rate for 
different chemical groups of iron meteorites. It varies from 
very slow cooling rate, 1°C / Ma for ITA (Hexahedrite) to 
very fast cooling rate, 10,000°C / Ma for Group IVA (Fine 
Octahedrite), if we consider all chemical groups together. 
Cooling rate ranges vary widely from one group to the 
other depending on the size of the parent body, thickness of 
insulating mantle, single core / dual core or, multiple core 
rubble pile environment, presence of silicate inclusions 
and external disturbance caused by impact. For all these 
reasons, cooling rate estimation in secondary metal is under 
continuous process of refinement. In case of primary metal, 
cooling of the protoplanetary disk outside the zone of CAI 
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formation solidified both silicates and metals from CAI 
/ gas mixtures at temperature < 1350 K but considerable 
under cooling is essential to segregate metal nuclei from 
the silicates and so the rate of transient cooling is subject 
to nucleation- triggered rapid condensation only. 


Efforts to understand metal family continues with more 
of new revelations. Presently, large group of scientists are 
engaged either in resolving outstanding problems related to 
metal- sulphide phases of E- chondrites and iron meteorites 
or, in refining of existing observations based on further 
experiments. Some of these are: 


1. Cooling rate of iron meteorites with and without sili- 
cate inclusions 
2. Role of non metals, specially P, S and C in metal frac- 
tionations 
3. Formation mechanism of Widmanstatten pattern in- 
cluding massive transformation (a,,) and martensitic 
transformation (@.,) 
4. Origin of very fine grained plessites and the Fe- Ni 
system at low temperature below 350°C 
. Precise dating by the isotopic systems (Re- Os, Pd- 
Ag and Hf- W) present in metal together with conven- 
tional dating methods (Rb- Sr) of silicate inclusions 
to throw light on the nature of Earth’s precursor or, 
duration of asteroidal differentiation. 
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Low temperature Electronics for Space Exploration 


Space exploration requires a wide range of temperatures 
in which it is desirable to operate electronics for control, 
sensing, communications and actuations. In the equatorial 
region of the Moon, the temperature varies from -180 °C 
(night) to 120 °C (day), while in the permanently shadowed 
craters the temperature remains at -230 °C. The Table.1 
gives the variations in the temperature for space exploration. 


Space exploration needs electronics to be capable 
of operating under low temperature, have high reli- 
ability, higher system efficiency and longer life time. 


The term Low Temperature Electronics (LTE) means oper- 
ating the electronics well below the temperature of “tradi- 
tional” range of —55 °C to +125 °C essentially down to ab- 
solute zero (0 K). The lower limits defined for the electronic 
components are -40 °C for commercial usages and -55 °C 
for military / space applications. These limits are defined 
by the materials used in the manufacturing and the tech- 
niques used in the design and process of these components. 
The various characteristics of the devices and circuits may 
improve / degrade upon cooling to lower temperatures. 


For astronomical/planetary observations, many sen- 
sors (such as X ray and y ray detectors) need to be op- 
erated at very low temperature to have high resolution 
data. For example, Gamma Ray Spectrometer (GRS) 
onboard Selene/-KAGUYA used High Purity Ge de- 
tector for detection of y rays and this detector was 
cooled to below 77 K _ using Stirling cryocooler. 


At the same time, to achieve the required perfor- 
mance and reduce the noise from these cooled 
sensors, front end electronics should also be 
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placed as close to the detectors as possible, which eventually 
needs electronics also to be operated at lower temperatures. 


The operation of electronics at lower temperature depends 
upon many parameters like component type, its material, 
bonding between two different types of material etc. The 
cooling to lower temperature improves many parameters 
for electronic components, like for MOSFETs — gain, 
latch up, speed, parasitic resistances and capacitances val- 
ues are improved. The cooling of amplifiers reduces the 
noise and cooling of transistors reduces the thermal noise. 


Availability of Parts: 

Parts availability to operate at such lower tempera- 
tures is a critical issue. The options available are: either 
have custom fabrication of the parts or select from the 
available resources. The selection between these op- 
tions involves a number of factors like performance 
requirements, budget available, expected operating 
life of the design and application criticality. Each of 
these options has its own advantages and drawbacks. 


Option1: 

Custom parts can be designed to meet the lower tem- 
perature requirements, but this needs both time and ex- 
pense. As the manufacturing of these components can 
take a longer time for the intended applications and at 
the same time this may need a lot of budget. The num- 
ber of manufacturers, willing to undertake this job is 
also limited. Moreover, these organizations can change 
their area of business and discontinue the service. 


Option2: 

Selection of the components from the available resources 
is less expensive and can be faster than the other option. 
In this option, the procedure followed is to buy batches 
of the parts, test for the intended functionality and reli- 


Table 1: Variations in the temperature with distance from the SUN. (Credit: John D. cressler, “Low tem- 
perature electronics”, 6th International planetary probe workshop — short course, 6/21/08). 


PLANET Solar Intensity (W/m?) | SurfaceTemp (K) | SpacecraftTemp (K) 
(Internal power = 0) 
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2620 


1371 288-293 
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448 
328 
279 


740 


140-300 


165 
134 
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ability for the operating conditions of the intended ap- 
plications. Finding of the suitable parts involves lots of 
trial and error. These components can’t be used directly 
for the temperature outside of their specified operating 
temperature range and consequently the problem often 
encountered is that manufacturer may change the fabri- 
cation process of the components such as it still meets 
the specifications for conventional use but their char- 
acteristics at low temperature are again unpredictable. 


These conventional temperature range electronics can be 
used in such lower temperature scenario by use of insula- 
tion and/or heating mechanism for the components. There 
are two ways for heating: Passive heating or Active heating. 


Passive heating has a limited lifetime which may not 
be sufficient for the desired application. Active heat- 
ing technique requires additional resources like pow- 
er and other subsystems. Warm electronics boxes are 
used on the rovers to keep the electronics warm in their 
specified temperature limits. All these passive & active 
techniques add weight, complexity to the system and 
this also limits the operating life of the system, which 
may be less acceptable or less practical. This tech- 
nique also needs lots of test and debug prior to launch. 


Increasing the operating temperature capability of 
the electronic components is more suitable, which 
can increase the operating life of the overall sys- 
tem and will reduce the size, weight and complexity. 


Problems in testing electronics at low temperature: 

While testing the circuit operations at lower tempera- 
tures, suitable test setups are required to be designed. The 
problem of operating these electronics at lower tempera- 
ture is the repeatability factor. If a LTE breaks down, the 
repair process require heating the circuit back to room 
temperature, fixing the problem, and then cooling the 
circuit back down to low temperature. This process in- 
volves extra time and at the same time this is far more 
complex than repairing a circuit at room temperature. 


To deal with this issue, two methods can be pro- 
posed. The first method is prevention — take the prop- 
er time and resources needed to ensure that the cir- 
cuit will function correctly. The second is redundancy 
— if one component is weak, put another in parallel 
such that if one breaks down the other is still available. 


Both solutions, however, are expensive. The first meth- 
od is not only costly at the ensuring stage but also if the 
circuit (unluckily) breaks down, more capital would be 
required doing repairs. The second method may not be 
feasible, as reproducing and storing an entire component 
in such low temperature conditions may be even costlier. 
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In subsequent sections, the effect of thermal, me- 
chanical and electrical properties of the materi- 
als used in the electronic components, which decide 
the ultimate achievability of LTE are discussed, with 
scope for future developments in this important field. 


Operation of the electronic system: 

Electronic systems usually have combination of passive 
(resistor, capacitor and inductor) and active (diodes, tran- 
sistors, MOSFETs, integrated circuits etc.) components 
for the desired applications. The challenge comes when 
any of these components change behavior at the lower 
temperatures. The general behavior of the components 
on decreasing the operating temperature is as follow: 


» Thermal conductivity of metals, ceramics and silicon 
increases, and for metal alloys it decreases 

» Coefficient of thermal expansion decreases, while 
young’s modulus and yield strength increases 

» Electric resistivity decreases, while dielectric constant 


of printed circuit material nearly remains constant 
The operating temperature limits of a semicon- 
ductor device depend on a number of factors: 
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Figure 1: Variations in the energy band gap with differ- 
ent materials combinations. (Credit: AHR, Abril-Julio. 
2011 “https://www.qro.cinvestayv.mx/~aromero/SOLID- 
STATE/cap8.pdf”) 
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Figure 2: Variations in the energy band gap with 
the temperature. (credit: David Wolpert et al., 
“Temperature Effects in  semiconductors”,http:// 
www.springer.com/cda/content/document/cda_ 
downloaddocument/9781461407478-cl.pdf) 


» The properties of the basic semiconductor material (Si, 
GaAs, SiC) 

» The type of device (diode, bipolar transistor, field-effect 
transistor) 

» The design of the device (materials, geometry and di- 
mensions) 

» The materials and designs of the contacts and intercon- 
nections 

» The assembly and packaging techniques and materials 
» How long the device needs to operate at low tempera- 
ture. 


Change in the characteristics of electronic components: 
There are many atomic, ionic and electronic processes 
taking place in a component. Some of these determine 
the characteristics at conventional temperatures, but 
there are many which come into play at lower tempera- 
tures. For example, Si freeze-out occurs at -230 °C which 
causes major changes in operation of Si devices below 
this temperature. The capacitance of electrolytic capaci- 
tors and ceramic capacitors degrade at lower tempera- 
tures, as their operation depends on the movement of ions. 
The variations caused by temperature in the various pa- 
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rameters of different materials are explained below: 


Energy band gap: 

The energy band gap between conduction and va- 
lence bands (also known as forbidden gap) varies with 
the materials and with the combination of materials. 


From Fig. 1, band gap energy depends upon the per- 
centage of the materials, and at the same time, this 
band gap energy increases, with the decreasing tem- 
perature (Fig. 2). To operate components / devices at 
certain temperatures both of these parameters should 
be taken into account to achieve the required results. 


Mobility: 

Mobility is defined as the drift velocity of a particle un- 
der an applied electric field. MOSFET mobility depends 
on four scattering parameters: Phonon scattering, sur- 
face roughness scattering, bulk charge columbic scatter- 
ing, and interface charge columbic scattering. The varia- 
tion in the mobility with temperature is shown in Fig. 3. 


As temperature decreases, the mobility of elec- 
trons and holes increases due to reduction in the 
atomic lattice vibrations, but this is also depen- 
dent on the doping concentration of the MOSFETs. 


Interconnect resistance: 
The number of free carriers in the material does not in- 
crease, with the decrease in temperature. At room 


Mobility (cm?/V-—s) 
= 


103 


10? 


10 
Temperature (K) 


Figure 3: Carrier mobility versus temperature (credit: 
David Wolpert et al., “Temperature Effects in semicon- 
ductors”, —_http://www.springer.com/cda/content/docu- 
ment/cda_downloaddocument/9781461407478-cl.pdf) 
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Figure 4: Resistance as a function of temperature for Susumu Co., Ltd. High 
precision, RR series, 0.1%, 1/10W thin film resistors (data for 19 resistors) 


temperature conditions, a conductor’s DC resistance 
depends on the dimensions of the contact. As the tem- 
perature is lowered, DC resistance starts decreasing 
and hence conductivity of the metal increases. When 
this resistance becomes zero, the phenomena is called 
“superconductor”. So the metals used for the intercon- 
nections in the semiconductor, show decrease in the re- 
sistance values with the decrease in the temperatures. 


Latchup: 

The latchup occurs when the electrons follow a path, 
which was not intended. Latchup can occur by capaci- 
tive coupling during switching, current / voltage spikes 
etc. In MOSFETs, when the current supply by the power 
supply is lower than the holding current, latchup does 
not occur. As the temperature decreases, the holding cur- 
rent increases, which reduces the possibility of latchup. 


1.04E+05 


Passive devices: 

There have been measurements on the performance of pas- 
sive components like resistors and capacitors. The effects 
of temperature on electrical characteristics of commer- 
cially available resistors and capacitors are shown below: 
The resistors and NPO capacitors, show not much change 
in the values with the decreasing temperature. However for 
X7R, capacitance values decrease with the decreasing tem- 
perature. The following figure shows the comparison be- 
tween 3 types of capacitors with the temperature variations. 
The Mica capacitors show excellent stability with tempera- 
ture, while tantalum electrolytic capacitors show significant 
decrease in capacitance value, when operated below -20 °C. 


Batteries: 
Energy storage in power system for space applications 
is a very important parameter. There should be sufficient 
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Figure 5: Resistance as a function of temperature for Yageo America precision thick film chip resistors, 1%, 1/8W 
(data for 19 resistors) 
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Figure 6: Capacitance at I MHz as a function of tem- 
perature for KEMET, NPO (COG) 100pF, 5%, 100V (Av- 
erage of 5 capacitors) (Fig. 4, 5 & 6 — credit: R. Wayne 
Johnson, “Electronics packaging for extreme environ- 
ments”) 


efforts for energy storage for low temperature applica- 
tions. Lithium based batteries are considered to be good 
for low temperature applications for short term space 
missions. The following figure shows the variations in 
the current — voltage characteristics of lithium battery. 


The above characteristics are taken at various loads 
at a given test temperature. The above figure shows 
that battery underwent a drop in its voltage / cur- 
rent performance with decreasing temperature. 


Solders: 

The solder materials (PbSn, InSn and InPb alloy etc.) 
have melting point temperature from 150 to 300 °C. Usu- 
ally these solder materials should be able to operate at 
lower temperatures, compared to higher temperatures 
(> 300 °C). But challenge comes in play, when at low- 
er temperatures these solders tend to relax and multiple 
temperature cycle leads to failure. These solders (usually 
called soft solder), typically show increase in strength 
with decreasing temperatures but at the same time their 
ductility decreases. This requires appropriate selection 
of solder material for the lower temperature applications. 
Pb rich PbSn shows a good stability in ductility down 
to cryogenic temperature, but as Sn content increases (> 
40%), this solder material becomes brittle. People have 
experienced that small amount of Sb to Sn rich solders, 
avoids the problem of low ductility at lower temperatures. 


Packaging technology: 

Packaging provides the electrical interconnections be- 
tween different devices; this also provides the mechanical 
and environmental protection for the device. For low tem- 
perature applications changes in the mechanical properties 
of the packaging materials should be considered, before 
selecting the appropriate material. There are many materi- 
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Figure 7: Variations in the capacitance with the tem- 
perature (Credit: R L Patterson et. al., “Electronic com- 
ponents and systems for cryogenic space applications”) 


als which are flexible and compliant at room temperatures 
(such as silicone encapsulant), but become very much rigid 
at cryogenic temperatures. The design should be made in 
such a way that packaging is minimal. Coefficient of ther- 
mal expansion (CTE) should be chosen appropriately, so 
that the differences are as low as possible. When these two 
differing materials are connected, they are usually caused 
by the different reactions due to the difference in their CTEs 
and with decrease in temperatrure, thermal stress increases. 


There are many other parameters as well as, 
which change their behaviour at lower tempera- 
tures. So before selecting some devices / compo- 
nents for operation at non-conventional temperatu- 
ares, all these parameters are needed to be looked into. 


New devices for Low temperature: 

It is true that for the space exploration, new devices have 
to be developed which can work at LN (77 K) temperature 
or even at lower temperatures. New device technologies 
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Figure 8: Current — voltage characteristics at various 
temperatures for a lithium carbon monofluoride battery 
(Credit: R L Patterson et. al., “Electronic components 
and systems for cryogenic space applications”) 


26 
Back to contents 


20°C -100°C 
-50 Pe A | 50 *C 


Forward Current (A) 


0 04 0.8 12 
Forward Voltage (V) 


Figure 9: Forward voltage — current characteristics of 
SiGe diodes as a function of temperature 
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Figure 10: DC gain (Ic/Ib) as a function of tempera- 
ture for a SiGe HBT (Hetero junction bipolar transis- 
tor) (Fig. 9 & 10 — credit: Richard L Patterson et. al., 
“Electronic components for use in extreme temperature 
aerospace applications”, 12" international components 
for military and space electronics conference, San Di- 
ego, CA, Feb. 11-14, 2008) 


such as silicon-on-insulator, silicon-germanium, silicon 
carbide and gallium nitride have been developed, which 
are making possible electronics capable of operating over 
very wide temperature ranges. Few results are shown here: 


Fig.9 shows that for SiGe diodes, knee voltage changes from 
~0.4V (at +85 °C) to ~0.8 V (at-196 °C), while Fig. 10 shows 
the change in the current gain for SiGe HBT. By using such 
devices, extra temperature control units can be avoided. 
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There are many other devices as well which are able to 
work in such low temperature scenarios. But most of 
these developments are still under research field. Once 
these devices are proven to work at such low temperatures 
and they come into large productions, then the develop- 
ment of instruments for exploring the various planets will 
overcome the other heating/cooling systems. This will 
finally reduce the weight, power and other requirements 
and will improve the performance of the overall system. 


Although future development in electronics are difficult to 
predict, itis likely that low temperature electronics will con- 
tinue when ultimate performance and operation in extreme 
environments is needed from devices, circuits, and systems. 


Further Reading: 
1. http://users.eecs.northwestern.edu/~jhu304/files/low- 
temp.pdf 
2. http://solarsystem.nasa.gov/docs/Johnson%20Elec- 
tronics%20Packaging%20for%20Extreme%20Envi- 
ronments. pdf 
3. http://www.extremetemperatureelectronics.com/in- 
dex.html 
4. Kirschman R.K. et. al., (2001). Journal of Electronic 
Packaging - J ELECTRON PACKAGING, 123(2). 
DOTI:10.1115/1.1347996 
. Nobuyuki H. et. al., (2008). Earth Planets Space, 60, 
299-312. 
6. http://www.ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa. 
gov/20010091010.pdf 
. Patterson R.L. et. al., (2008). 12th International Com- 
ponents for Military and Space Electronics Confer- 
ence (CMSE 08), San Diego, California. 
8. http://www. fkf.mpg.de/565362/I_01_09.pdf 
9. http://www.springer.com/cda/content/document/cda_ 
downloaddocument/9781461407478-c1.pdf 
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Contemporary missions orbiting Mars have provided con- 
vincing evidences for the presence of early liquid water, 
thus supporting a possible habitability in the past. Theories 
also suggest that the ancient Mars had a substantially thick 
atmosphere to keep the planet warm and allow liquid water 
to flow extensively on its surface. Eventually, over the 
billions of years, the planet continually lost its heat and 
its magnetic field tripped apart allowing the solar wind to 
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brush away 99% of the atmosphere and thus most of its 
water and volatile compounds. However, the processes 
responsible for this loss still remains puzzling. 


NASA’s MAVEN (The Mars Atmosphere and Volatile 
EvolutioN) is a dedicated mission aimed at studying the 
present state of Martian upper atmosphere and rate of its 
escape to space. This will help scientists to reconstruct 
the nature of ancient atmosphere of Mars and determine 
various factors that led to its escape to space through time. 
MAVEN will explore the Martian climatic history by 
studying its upper atmosphere, ionosphere and interac- 
tions with the sun and solar wind, by determining the 
loss of volatiles from the atmosphere through time, by 
analyzing the present rates of escape of neutral gases and 
ions to space and the processes that control them. Instru- 
ments onboard MAVEN will also help in determining 
the ratios of stable isotopes that will tell the history of 
the red planet’s loss through time. 


Mission Profile: 

Launched on Nov. 18, 2013 onboard Atlas V 401 launch 
vehicle, MAVEN will take 10 months to reach Mars and 
expected to orbit around the red planet in Sep., 2014. 
MAVEN, a ~11.4 m spacecraft weighing around 2550 
kg, will spend nearly 5 weeks for its initial testing after 
which its 1-Earth-year primary science phase begins. 
MAVEN will go around in an elliptical orbit of ~150 km 
X 6000 km enabling both local and global observations. 
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Payloads: 
MAVEN carries three scientific instrument suites - 
Particle and Fields Package (PFP), Remote Sensing 
Package and Neutral Gas and Ion Mass Spectrometer 
(NGIMS) 


The Particles and Fields Package (PFP): \t contains 

six instruments which includes Solar Energetic Particle 
(SEP), Solar Wind Ion Analyzer (SWIA), Solar 
Wind Electron Analyzer (SWEA), SupraThermal 
and Thermal Ion Composition (STATIC), Lang- 
muir Probe and Waves (LPW) and Magnetometer 
(MAG) those will characterize the solar wind and 
the ionosphere of the planet. 


The Remote Sensing Package (RS): It contains the 
Imaging Ultraviolet Spectrograph (IUVS) which 
will determine global characteristics of the upper 
atmosphere and ionosphere via remote sensing. 


Neutral Gas and Ion Mass _ Spectrometer 
(NGIMS): It will measure the composition and 
isotopes of thermal neutrals and ions. 


The data gathered during the MAVEN mission will help 
scientists to explain how Mars' climate has changed over 
time due to the loss of atmospheric gases. The combi- 
nation of detailed measurements and global imaging 
by MAVEN will provide supportive data to understand 
the properties of the upper atmosphere in detail. Thus 
MAVEN will help us to view the Mars' water history, 
organic chemistry and the possibility of past and pres- 
ent habitability. 


Scientific payloads flown onboard MAVEN 
(Source: NASA) 
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PSLV-C24 registered its 25th successful launch 
by launching IRNSS-1B 

IRNSS-1B, the second satellite of seven satellite constel- 
lation of Indian Regional Navigation Satellite System 
aimed at providing navigational services in and around 
India was successfully launched by XL-configuration of 
PSLV on April 4, 2014 from SDSC-SHAR, Sriharikota. 
It was the 6" successful launch by this configuration of 
PSLV. IRNSS-1B was placed in a 53 CE Geo-Synchronous 
orbit on April 23, 2014, followed by five successful orbital 
raising operations. 


Trajectory Correction Manoeuvre-2 of MOM 
Spacecraft is successful 

MOM Spacecraft has finished 1* half of its journey and 
travelled about 466 million km. The second TCM (Trajec- 
tory Correction Manoeuvre) was accomplished success- 
fully on June 11, 2014, by firing spacecraft thrusters for 
~16 seconds. The health of all onboard scientific payloads 
and spacecraft subsystems is normal. 


PSLV-C23 successfully lifts off with foreign pas- 
sengers onboard 

French Earth Observation Satellite- SPOT 7 and four 
other co-passenger satellites onboard PSLV-C23 were 
launched successfully from SDSC SHAR, Sriharikota 
on June 30, 2014. 


LADEE found its ultimate resting place on the 
Moon 

LADEE successfully completed its mission by impacting 
on far side of the Moon on April 17, 2014. The operational 
team of LADEE has downloaded all the science data just 
before the crash. It has impacted prior to the expected time 
but impacted as per plan. 


Venus Express dares to dive into Venusian atmo- 
sphere 

Venus Express launched on Nov. 9, 2005 to unleash the 
secrets of Venusian atmosphere, ionosphere and surface 
accomplished its objectives by orbiting Venus for eight 
years. Now, the space craft with its seven payloads on- 
board is getting ready to enter into the hostile atmosphere 
of Venus. 


Curiosity resumes its drive to Mount Sharp 
from Kimberley waypoint 

Mars rover ‘Curiosity’, started its drive to the ultimate 
destination Mount Sharp after accomplishing its scientific 
tasks at Kimberley waypoint. The present strategy of the 
mission team is to reach the Mount Sharp as quickly as 
possible and not to further stop the rover at any point for 
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ES (Source: Websites of various space agencies, press releases and published articles) 


any science activities, unless science team encounters an 
interesting rock. Curiosity driving team are concerned 
about the health of its wheels so as to assess a smooth way 
to reach Mount Sharp. 


Rosetta decelerates to chase the comet 67P/ 
Churyumov-Gerasimenko 

Series of Orbital Correction Manoeuvres (OCM) has been 
successfully carried out to achieve the required velocity 
with respect to the comet 67P/Churyumov-Gerasimenko. 
The OCM performed on May 21, 2014, successfully im- 
parted a velocity of 291m/s with respect to the Comet by 
burning 218 kg of its propellant for 7 hrs. 16 mins. Mission 
team named that event as “Big Burn”. A couple of OCMs 
were also been performed in the month of Aug., 2014 to 
capture the Comet. 


Rosetta scientific instruments are ready for science 
All the scientific instruments onboard Rosetta are ready 
to explore its destination. The health of all payloads is 
normal after its commissioning phase. Initially, a couple of 
payloads didn’t respond after wakeup but now they have 
responded and their condition is normal. Initial images 
from Rosetta onboard imaging instruments have shown 
that 67P/Churyumov-Gerasimenko is at rest, but at the 
end of April the other set of images have indicated that 
the comet is active now. 


Yutu Rover came out of Hibernation again 
Chang’e-3 Yutu Rover came out of hibernation again on 
May 12, 2014. It went in to sleep mode few days before 
sun set on the Moon. Now, the mission team is making an 
attempt to contact with the rover. It is the mission’s sixth 
lunar day. The mission was actually designed to work for 3 
lunar days. However, the rover cannot make a move since 
there is failure in its mobility system. 


Relay radio onboard MAVEN tested sucessfully 
Electra Relay Payload onboard NASAs Spacecraft MA- 
VEN isa part of relay network of NASA Mars exploration 
programme is tested successfully. This network enhances 
the capability of the Martian rovers transmission data rate 
to Earth by forming relay communication links between 
rovers and orbiters. MAVEN Electra payload will deliver 
its relay services on a contingency basis. 


Hubble to explore beyond Pluto to support New 
Horizons Mission 

After detailed analysis of many proposals for the further 
operations of Hubble telescope, its Time Allocation Com- 
mittee has suggested the Hubble Mission team to search 
beyond Pluto for Kuiper Belt object (KBO). This scan will 
support the New Horizons mission objective. 
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» Workshop on “Instrumentation for Planetary Missions (IPM-2014)” will be organized during Nov. 4-7, 2014 at 
Greenbelt, Maryland (near Washington DC). The last date for submission of abstracts is Aug. 25, 2014. 
For more details, visit:- http://ssed.gsfc.nasa.gov/IPM/index.html 


“33"! International Meteor Conference (IMC 2014)” will be organized during Sep. 18 — 21, 2014 at Gerio France. 
The last date for submission of abstracts is Aug. 31, 2014. 
For more details, visit:- http://www.imo.net/imc2014/ 


“4"" International Workshop on Lunar Cubes (LCW 4)” will be organized during Oct. 7-9, 2014 at Mountain View, 
CA. The last date for submission of abstracts is Aug. 12, 2014. 
For more details, visit:- http:/Aunarinitiatives.com/lunar-cubes.com/ 


“HAYABUSA 2014: 2" Symposium of Solar System Materials” will be organised during Dec. 4-5, 2014 at Sagami- 
hara, Japan. The last date for submission of abstracts is July 15, 2014. 
For more details, visit:- http://hayabusaao.isas.jaxa.jp/symposium/index.html 


“46" Annual Meeting Division for Planetary Sciences” will be organized during Nov. 9-14, 2014 at Tucson, Ari- 
zona. The last date for submission of abstracts is Aug. 21, 2014. 
For more details, visit:- http://aas.org/meetings/dps46 


Workshop on “Planet Formation and Evolution 2014” will be organized during Sep. 8-10, 2014 at Keil University, 
Germany. The last date for submission of abstracts is June 20, 2014. 
For more details, visit:- http://(www1.astrophysik.uni-kiel.de/~kiel2014/main/index.php 


“19" International Workshop on Laser Ranging” will be organized during Oct. 27-31, 2014 at Annapolis, Mary- 


land .The last date for submission of abstracts is Sep. 5, 2014. 
For more details, visit:- http://ilrs.gsfc.nasa.gov/ilrw19 


Workshop on “Exoplanets with JWST-MIRI” will be organized during Sep. 22-25, 2014 at Haus der Astronomie, 
MPIA Campus, Heidelberg, Germany. The last date for submission of abstracts is July 18, 2014. 
For more details, visit:- http://www.mpia-hd.mpg.de/exoplanets2014/index.php 


“I Astrobiological School at the Obserbatorio Nacional” will be organized during Sep. 8-12, 2014 at Rio de Ja- 
neiro, Brazil. Interested participants may apply for attending the school and submission of abstracts. 
For more details, visit:- http://www.on.br/coaa/astrobion2014/indexeng.html 


“12" European VLBI Network Symposium and Users Meeting” will be organized during Oct. 7-10, 2014 at Cagli- 
ari, Italy. The last date for submission of abstracts is Aug. 10, 2014. 
For more details, visit:- http://www.on.br/coaa/astrobion2014/indexeng.html 


Sagan Exoplanet Summer “Workshop on Imaging Planets and Disks” will be organized during July 21-25, 2014 at 
Caltech, Pasadena, CA. The last date for submission of abstracts is July 18, 2014. 
For more details, visit:- http://nexsci.caltech.edu/workshop/2014/index.shtml 


Workshop on “Triple Evolution & Dynamics in stellar and planetary systems” will be organized during Nov. 16- 
21, 2014 at Technion-Israel Institute of Technology, Israel. The Workshop is open for registration. 
For more details, visit:- http://trendy-triple.weebly.com/ 


Workshop on “Star- Planet Interactions and the Habitable Zone” will be organized on Nov. 18-21, 2014 at Saclay, 
France. Workshop is open for abstract submission. 
For more details, visit:- http://irfu.cea.fr/habitability/ 
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SPECIAL SECTION : Some important publications from PRL on Planetary Sciences 


1. Ami J. Desai, Shiv Mohan, Murty, S.V.S. (2014). “Lunar crater ejecta distribution and characterization 
using Mini-RF and LROC-WAC data”. Curr. Sci., (In Press). 


2. Bhandari, N. and Srivastava, N. (2014). “Active Moon: Evidences from Chandrayaan-1 and the Pro- 
posed Indian missions”, Geosci. Letters, (Accepted). 


3. Gupta, R.P., Srivastava, N., Tiwari, R.K. (2014). “Evidences of relatively new volcanic flows on the 
Moon”. Curr. Sci., (Accepted). 


4, Murty, S.V.S. (2014). Book Review “Planetary Climates”. Curr. Sci., 106, 1018-1019. 


5. Panchal, R.K. and Pabari, J.P. (2013). “Design of Power Amplifier and Low Noise Amplifier for 2.4 GHz 
RF Front End in Wireless Sensor Network”. Int. J. Eng. Sci. Res., Vol. 04, Issue 02, ISSN 2230-8504, 
e-ISSN-2330-8512. 


6. Ray, D., Ghosh, S., Murty, S.V.S. (2014). “Evidence of shock pressure above 600 kilo bar and post 
shock annealing in Nyaung III AB octahedrite”. J. Geol. Soci. India, (In Press). 


7. Shiv Mohan (2013). “Radar Remote Sensing for Earth and Planetary Science”. Int. J. Sci. Eng. Res., 
4, p.212,2013, ISSN 2229-5518. 


8. Shiv Mohan, Sriram Saran and Anup Das (2013), “Scattering mechanism based algorithm for improved 
detection of water ice deposits in the lunar Polar Regions”. Curr. Sci., 105, 1579-1587. 


9. Shyam Prasad, M., Rudraswami, N.G. and Panda D.K. (2013). “Micrometeorite flux on Earth during 
the last ~50000 years”. J. Geophys. Res., 118, 1-19. 


10. Sinha, R.K. and Murty, S.V.S. (2013). “Geomorphic signatures of glacial activity in the Alba Patera 
volcanic province: Implications for recent frost accumulation on Mars”. J. Geophys. Res., 118, 1609- 
1631. 


11. Sinha, R.K. and Murty, S.V.S. (2013). “Evidence of extensive glaciation in Deuteronilus Menasae, 
Mars : Inferences towards multiple glacial events in the past epochs”. Planet. Space Sci., 86, 10-32. 


12. Srivastava, N., Kumar, D. and Gupta, R.P. (2013). “Young viscous flows in the Lowell crater of Orien- 
tale basin, Moon : Impact melts or volcanic erutions?” Planet. Space Sci., 87, 37-45. 


13. Varatharajan, I., Srivastava, N., Murty, S.V.S. (2014). “Mineralogy of young lunar mare basalts : As- 
sessment of temporal and spatial heterogeneity using M3 data from Chandrayaan-1”. Icarus, 236, 
56-71. 
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HOTO FOCUS: Recent Glaciation on Mars 


mms At PLANEX, we are currently 
working on understanding the evo- 
lution of multitude scale of glacial 
landforms formed during different 
episodes of glaciations on Mars. 
Shown here is the second known 
Lobate Debris Tongue (LDT) on 
Mars that formed during the past 
~10 Ma. On ablation of accumu- 
lated ice/snow packs from the pre- 
ferred pole-facing slopes of crater 
wall (centered at 44.1 °N, 258.24 
°E), top-down flow of eroded ma- 
terials took place that lastly termi- 
nated forming a tongue shaped fea- 
ture at the base. For more details, 
visit: Sinha and Murty, 2013, JGR. 
DOI: 10.1002/jgre.20113 


PLANEX is among the very few research groups across India that are dedicated to explore and research in 
the field of planetary science. My association with PLANEX< started in the year 2012 after attending the 12th 
PLANEX Workshop on “Exploration of Asteroids and Comets”, held at Mt. Abu, Rajasthan. The workshop 
had covered different topics of Planetary Science and Astronomy, which motivated me to be indulged into 
similar field of researches. Based on my overall performance during the workshop and in an interview held 
during the workshop, I was selected as a Project Associate (PA) in PLANEX. I was very lucky to have the 
opportunity to work under the supervision of Prof. S.V.S. Murty and in his laboratory, where I worked on 
Nobel gas mass spectrometer. His down to earth approach was both encouraging and pleasant, and through- 
out my tenure as PA, he supported me a lot with his guidance. The field and topics were new to me; however, 
I took that as an opportunity to learn skills of scientific research in an ideal environment. Overall, I had a 
nice experience of working with other faculties, colleagues and researchers in a relaxed, innovative and open 
research atmosphere. 


After working as PA for one year, I got an opportunity to pursue my PhD in Radio Astronomy at Thuringer 
Landessternwarte Tautenburg, Germany. Here I am working on “Magnetic field in the outskirts of galaxy 
clusters: Insights from LOFAR survey”. I am very thankful to PLANEX and I truly appreciate their involve- 
ment in variety of research activities to which I was exposed. This had contributed greatly to my personal 
and professional growth as a researcher. I wish PLANEX to continue stimulating the scientific excellence 
and strengthen linkages and outreach to many more young researchers in future 


Kamlesh Rajpurohit 

PhD Scholar 

Thuringer Landessternwarte (TLS) 
Sternwarte 5, 07778 Tautneburg ° 
Germany | 

E-mail: phy.kamlesh@gmail.com 
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THE COLDEST PLACE IN THE SOLAR SYSTEM 


Pluto first got kicked out of the planet club and 
now although being farthest from the sun, it’s not 
even the coldest place in the solar system. Bright- 
ness temperature measurements from NASA’s 
Lunar Reconnaissance Orbiter (LRO), that was 
launched in June 2009, suggests that permanently 
shadowed craters namely Hermite and Peary, at 
the moon’s North Pole might be even colder than 
Pluto. Extremely cold regions similar to the one in 
Hermite crater have also been found at the bottom of 
several permanently shadowed craters on the lunar 
South Pole. LRO’s radiometer DIVINER measures 
the radiation emitted and reflected from the lunar 
surface. DIVINER observations from the interiors 
of permanently shadowed craters on the Earth’s 
lone natural satellite, recorded a minimum daytime 
brightness temperature of less than ~ -240 °C mak- 
ing these dark lunar craters the coldest place of the 
solar system. 


Lunar Temperature recorded by DIVINER instrument 
onboard NASA’s LRO 


While it may seem odd that the Moon, which is much 

closer to the sun, could host areas that are colder than Pluto, it’s not at all un-expected. The key point is not their dis- 
tance from the sun, but the fact that there are regions at the poles of the Moon that never see sunlight, and so never get 
heated up. Moon’s low obliquity and the towering rims of these craters block the sunlight from reaching their interiors 
and keep these craters in permanent darkness. These craters stay at ~ -248 °C; about 18 °C cooler than Pluto’s dayside, 
which was measured at ~ -230 °C in 2006. 


The discovery adds further weight to the idea that some craters on the Moon could harbor water-ice and also methane 
or ammonia ice along with other volatile substances for extended periods. Presence of water ice deposits was already 
confirmed by LRO’s companion satellite LCROSS. Such ice deposits could be valuable resources for human lunar 
explorers in future. Since the super-cold temperatures are chilly enough to have preserved water molecules for bil- 
lions of years in the craters., they could help answer questions about the origin and arrival of such volatiles to the 
Earth-Moon system. 


LRO’s LEND, a neutron spectrometer, has also detected traces of hydrogen at several nearby locations that are not 
permanently shadowed, which may indicate presence of buried water ice. Hence, Moon’s Polar Regions are geologi- 
cally interesting sites harboring useful resources and holding clues to the volatile inventory of the Moon. 


Text source: http://www.nasa.gov/, http://www.psrd.hawaii.edu, http://news.bbc.co.uk, en.wikipedia.org, http://www. 
newscientist.com; Image Credit: Credit: NASA/UCLA 
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